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PREFACE 


This is a reporf^n plants'that show promise for improving the quality of life 
in tropical areas. Because the countries in this zone contain most of the 
world’s low-income populations this report is addressed to those government 
administrators, tethnical assistance personnel, and researchers in agriculture, 
nutrition, and related disciplines who are concerned with helping developing 
countries 'achieve a more efficient and balanced exploitation of their 
biological resources. * • . , 

The ad hoc panel onmnderexploited tropical plants, which produced the 
report, met at Airlie, Virginia, in March 1974. The panel had the following 
objectives: . * ' ' , 

• To identify neglected but seemingly useful tropical plants, both wild 
and domesticated, that have economic potential; 

• To select the plants ‘ tha't showed the most promise for wid&r 
exploitation throughout the tropics; and 

° To indicate Requirements and avenues for Research Jo ensure ; that 
selected plants reach their fullest potential. . ■ . 

The 36 plants described here were selected from among 400 nominated by 
plant scientists around the world in- response to a written inquiry. (To keep 
the project to 1 manageable size, medicinal plants and^ timber species-were 
excluded?) The choice reflected here-is necessarily subjective, based as it is oh 
the experience and judgment of the panel. Plants chosen for inclusion had to 
satisfy several criteria, the rpost important of which were: * ^ 

® Can it be grown in the tropics? 

• Does it have significant potential as a source of food, forage, or 

industrial raw material? ’ „ 

« Can it help make developing countries (or areas within them) mom 
productive? 

Other considerations were: Can the plant make a specific contribution to 
human nutrition? Does the plant have multiple properties enabling..several 
useful products to be obtained from it? The plants were no%judged solely by 
how much or how little is known about them, however. Some of the plants 
selected are* relatively well known; others are taxonomically not yet fully 
described. Some are “luxury crops” tha-t will appeal only to high-pticed. 
specialty markets pothers are subsistence crops. 

Since it is impossible to determine future costs and benefits of exploiting 
.these plants in vastly dissimilar economic environments, selection could not 
be based on economic considerations except in the most informal- and 
subjective manner. The task of weighing the technical details against the 
economics, needs, resources, and capabilities of a particular cquntry or area is 
perforce left to interested, competent^authorities. 




The "panel* recognizes that some plants recommended but finally not 
selected for inclusion in this report may well have similar potential for 
exploitation. In such} cases, the panel did. not have, and could n'ot obtain, 
enough information to siippqrt an affirmative decision. 

The plants presented, here should be' seen as complements to, not as 
Substitutes for, conventional tropicaTcrpps. 

j The report aims tojproyide a brief introduction to the plants selected. It is 
neither a textbook nor a Comprehensive survey of tropical botany,. For the 
convenience of the reader, each plant is presented in a separate chapter,' 
arranged in thefollbwiijig order: 

! ' ; * M , • •' \ 

' ^ i . 

, a . Description of the plant and of its advantages e 
® Limitations and special requirements ' ' 

o Research needs v 

Selected readings '(significant, reviews, general articles) 
a . Research contacts and germ plasm sources (individuals or, organizations, 
known by the panelists to be involved in relevant research or to have 
appropriate seeds, cuttings, or rootstock). a t •. 


This report does not detail how to introduce the plants to new areas. 
Readers should appreciate, that achieving this goal may be complgx and 
difficult. Many plants discussed in this report have defied dissemination (or 
domestication) for a century or mhre. Plant introduction cannot be divorced 
from plant management; a lack of horticultural knowledge or experience will 
frequently cause a plant introduction to fail. Differences*in elevation, soil 
type, temperature, day length, and rainfall present other complications. 
Sometimes newly introduced plants prove to Be too aggressive and become 
weeds. Even-if all these problems are overcome, the plant will be successful 
only if a market Exists or can tje created for its products.' 

The information in this book is only a starting point for what may prove 
to be laborious and troublesome projects. Addresses Of knowledgeable 
contacts are provided so that, readers may ascertain for themselves specific 
details that cannot be covered in a general report of this kind, but that may 
be critical to the successful introduction of a plant to their locality. 

The panel felt that certain points on the status of tropical botany and the 
urgency of preserving germ plasm were so important that, although not part of 
the panel’s formal mandate, they'are discussed ip Chapter 1. 

The panel is indebted to the contributors (listed on page 169) and to 
Mary Jane Koob, who acted as administrative secretary for the meeting and 
for production of the report. The manuscript was edited and prepared for 
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Comments on this report, especially^ it has induced initiatives or further 
research on the species described, should be communicated to the staff 
officer, Dr. Noel Vietmeyer, National Academy of Sci^nces-National Re¬ 
search Council, 2101 Constitution Avenue, JH215, Washington, D.C. 20418, 

' USA. Suggestions and information from readers about species not covered in 
this volume are welcome. They might be included in a later publication. 

Note to the Second Edition 

Deman^ for this report has continued strong since it first appeared in 
1975. More than 20,000 requests for copies have been received. This far ex- 
ceddeifjnitial expectations and has necessitated reprinting the book three 
times. By late 1978, requests were still pouring in, but stocks.were, once more 
depleted. Before reprinting this 'time, however, the staff decided to update 
names and addresses of research contacts that appear ..throughout. According¬ 
ly, the interest of each research contact was ascertained and. as*a result, in 
this edition some names have been dropped, others added, and where neces¬ 
sary, addresses have been updated. A few minor points have been corrected 
and the (chapter on ramie was rewritten entirely. In cases where new books or 
articles have appeared, their citations have been substituted for l^ss-relevant 
or hard^Ogfind literature that was,cited previpusly. ‘ 

, Sines®® report was published, some species have received attention from 
scores of researchers. The winged bean, jojoba, and guayule are notable ex¬ 
amples. The winged bean is now cultivated in many countries whereat was 
previously unknown. In the United States, trade in jojoba seedlings and prod- 
ucts was already a multimillion-dollar industry by 1978, with over 1,000 
hectares of jojoba planted. Mexico and Israel were also establishing jojoba 
plantations. Tjuayule J was being investigated at -several U.S. research institu¬ 
tions, including those of two large rubber companies. In Mexico, a pilot 
rubber-extraction factory was operating, and tires made from guayule rubber 
were being road tested. In^November 1978, President Carter signed into law a 
bill that made available S30 million for guayule research and development.- 
These and other advances are not reflected in the current text, but many are 
described in the new literature now cited in the Selected Readings sections. 
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INTRODUCTION AND 



The strain on world resources posed by rapid population growth, dwindling 
supplies of nonrenewable resources, and shortages of food puts economic 
’ botany in the mainstream of/hur^^concern., 

Throughout history maj^ hasMsed some 3,000'plant species for food; at 
least 150 of them have been commercially cultivated to some extent.'But 
ovef the centuries the tendency has been to concentrate on fewer and fewer.. 

^VJ^o^ayrinost of the people in the world are fed by abo’ut 20 crops—cereals 
such as wheat, rice, maize, millet, and sorghum; root crops such as potato, 

, sweet potato, and cassava;legumes sulh as peas, beans, peanuts (groundnuts),,, 
and soybeans; and sugar Gane,3ugar beet^feoconuts, and bananas. These plants , 
areAhe main bulwark between mankind and starvation. It is a very small 
bastion. , ':<* ‘ 

Yet as the prospect of food shortages becomes rrtore acute, people must 
depend increasingly on plants rather than animals for the protein in their diet., 
As is well recognized, research is urgently needed to increase the yield of 
these food plants. However, reliance on a small number of plants carries great 
risk, for monocultures are ; extremely" vulnerable to catastrophic failure 
brought about by disease or variations in climate. To help Teed, clothe, and 
house a rapidly increasing world population, it is timely-to consider neglected 
or little-known plant species. 

Man has only just begun to take stock of the chemical and genetic 
possibilities in the plant kingdom. Now we must scrutinize the thousands of 
plant species, many of which are still untested and some as yet unidentified. 

The apparent advantages of staple plants over minor tropical plants often 
result only from the disproportionate research attention they have been 
given. Many indigenous species may possess equal merit, but were disregarded 
during the colonial era'when consumer demands in European countries 
largely determined the cultivation (and 'research) priorities ih tropical 
agriculture. The crops selected .(such as banana, pineapple, Hevea [rubber], 
African oil palm, coconuts, and groundnuts) received considerable research 
and extension. Even after independence, the pattern Qf concentrating on a 
few crops changed little. Markets abroad were established, and the new 
. countries needed foreign exchange. 'Furthermore, as indigenous scientists 
Were generally trained in the institutions of tefnperate-zone countries they 
had little interest in studying tropical species. Even the food preference of 
local populations in tropical colonial countries became so influenced by 
European food habits that in many places local demand for traditional crops' 
declined. 
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. Because of these factors, the potential of many tropiqal crops has never 
been explored. A striking case is quinua,* one of the most productive sources’" 
of plant protein. It grows -high in the Andes, where .few other crops cafi 
survive. The Spanish introduced wheat and barley and focused agricultural 
research only on those crops^ which eventually displaced quinua. Qe,spite its 
intrinsic nutritive;and economic value and the fact that protein deficiency is a' 
sefi^wproblem in it£ native region; the* agronomy of quinua has'advanced * 
little ihThe past four centuries. * - : V' . . 


TROPICAL PLANT RESOURCES 

Most agricultural scientists are unaware of the scope and potential offered by 
tropical botany. The" discipline suffers largely because the major centers of 
scientific research are located in temperate zones. ' - > 

There.is an urgent need for plant researchers to become acquainted with 
tropical plant life. Important new products-such as oils, gums, and waxes for 
indifstry; proteins for food and feed; and chemicals ,for pest control- are 
likely to result from their attention. 

The variety of tropical plant species is staggering. Contained among them 
is- a wealth of-new products. In studying tropical economic botany it is not 
enough to consider solely traditional needs and markets. New raw materials 
also 1 will be required in the future. Changing conditions are already creating 
demands for new products from previously underexploited plants; more will 
be needed as pressures increase for the exploitatiomof renewable resources. 

• Innovations in Transportation already make, it feasible to transport 
perishable products around the world. 

• ;Affluence in certain parts of the world has enhanped the consumer’s 

ability to pay for specialty items and heightened his desire for new.products 
such as rare spices-, jfruit, and fragrances. - , ' 

0 Paradoxically, burgeoning population and continued poverty elsewhere 
are increasing the lifed for survival plants and for those hardy species that can 
be grown in unusable, marginal land. 

• Improved scientific knowledge of adverse effects .of certain products 

has created demand^ for new products, including unsaturated-fats, low-calorie 
sweeteners, and biodegradable pesticides.. ‘ % 

• New industrial! processes have stimulated the need for larger supplies of 
materials such as elastomers, lubricating oils, drug-precursors, and waxes. 

Tropical plants, Appear able to meet Many of these deipands. Given 
concentrated research, many underexploited;plants could follow the develop- 


*See page 20. 
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mental course of the sq/ybean. During the past 50 years the rising need for 
protein has turned the/soybean into a staple in mgny parts^pf the world, 
including the United States, where the plant was once an oddity. S* 


PRESERVATION OF PLANT GERM PLASM 

A massive effort‘is’deeded to ensure tire survival of Endangered plant species 
throughout the wo^ld. It comes as a surprise to most non-botanists to learn 
that one out of eVery 10 plants is either extinct or in imminent danger C>T 
extinction. Over 20,0p0 species are now in need of protection. Wanton 
destruction of natural vegetation is killing many;, but the relentless spread of 1 
conventional agriculture displaces and destroys many others. Careful preserva¬ 
tion and thorough cataloguing are particularly iriiportant for little-known 
plants such as thpse described in this report. Only in this way will the genetic $ 
diversity and healthy stock needed for developing new food crops be assured. 
Potential breeding stocks, clones, and cultivars will otherwise become extinct. 

To this end, the number of botanic gardens, field stations, and habitat 
reserves containing natural vegetation types must be increased. At present, 
the number is actually decreasing: rising costs and urban sprawl are making it 
more difficult for local botanic gardens in tropical countries to' survive . And 
with their demise even existing collections of tropical germ plasm are being 
lost. To save these service centers and botanic gardens in.the tropics, financial 
support is urgently required. Local governments must be made more aware of 
the importance of their native flora resources to their country’s economic 
development and of the need to, inventory, maintain, and capitalize on their 
indigenous vegetative materials. The Stockholm Conference on the' Human 
Environment of 1973 recognized i^ds imperative in its proposal for the 
establishment of an international network of genetic resource stations. The 
concept is strongly endorsed by the panel.’ 

The number of personnel trained in tropical plant science must also be 
increased. Today, few institutions in the world offer training in tropical, 
botany, tropical horticulture, and tropical agronomy. Facilities for training 
and research should be established rapidly because the time left for the study 
of undisturbed tropical vegetation Is limited. A 


PLANT INTRODUCTION 

Agriculture in the tropical world suffers for lack of mechanisms for 
systematically and routinely introducing and investigating little-known but 
potentially useful tropical plants. Because most tropical countries are poor, 
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their experiment stations cannot afford to devote time and money to 
lesser-known plants. To alleviate’ this probjem, development agencies and, 
foundations concerned with agriculture should consider sponsoring a system 
of horticultural facilities (in tropical and subtropical developing countries) to 
pursue tgronomic research and extension on lesser-known indigenous and 
newly ^-introduced species. In'part, such facilities could be extensions of the 
network y ' oT- ^iKTTe^rTTSTtfCiilal* agricultural research institutions already in 
existence. 

A summary of the plants selected by the panel for their high premise follows'. 

Cereals and Pseudocereals 

Echinochloa turnerana. This wild Australian grass, which has never "been 
studied, yields nutritious grain with just one deep watering. It has important 
potential for dry land farming in arid regions with sporadic rainfall. 

' Grain Amaranths (Amaranthus species). The seeds ,of )hese almost totally 
neglected Central American grain crops have extremely high levels bf protein 
and of the nutritionally essential amino acid, lysine, winch is usually deficient 
in plant protein. 

Quinua (Chen&podium quinoa). tAhhou^i the seed of this tall herb is one 
of the best sources of protein in the vegetable kingdom, qtiinua' is not 
cultivated outside its high-altitude Andean home. 

Zostera marina. Exploratory research on this plant might' uncover 
important benefits, for it is a grain-producing, grass-like plant'that grows in 
seawater. Using the sea to grow grain Is- a novel and highly speculative 
concept, but Indians on Mexico’s west coast have traditionally harvested 
Zostera marina grain fdr food and^lour. 

Roots and Tubers* ' ; 

Arracacha (Arracacia xanthorrhiza). Known as Peruvian parsnip because of 
the-taste and texture of its root,.this plant, which looks like celery, is 
little . known outside the highlands of the Andes. In this region its root is of- 
den grown instead of potato and costs only half as much to produce. Arraca¬ 
cha has unrealized potential in tropical highlands worldwide. . 

*Yams (Dioscorea spp.). Although yams axe too well known for inclusion in this report 
they are the most nutritious and popular of the conventional, tropical’ root crops. 

, Nevertheless, they are not so widely cultivated as some of their competitors because they 
are more costly to produce; research' to reduce production costs would be extremely 
valuable. Research on storage problems is also urgently needed: often 60 percent of the- 
yams harvested are lost to rot. 
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Cocoy^ms ( Xahthosoma spp.). These highly productive root crops are 
more nutritious than cassava and quite easily produced/Although they are 
widely distributed, they never have been subjec#d to a comprehensive 
improvement program and they appear,.to have much unrealized potential. 

"Taro and Dasheens ( Colocasia esculenta). Intensively cultivated in only a 
few countries, the high-yielding taro.has worldwide tropical potential. Some 
. types grow upland^ others .grow im water-logged; swampy soils that otherwise 
are unproductive. Dasheens are^aian varieties that produce many small, crisp 
corms that store well. « 

a / [ ■ w .. ' V ^ “ 

Vegetable^ < 

■ # ' 

Chaya ( CnidoscOlus aconitifolim and Cniddscoius chayamansa)-. Thq, leaves of 
-these fast-growing, prolific shrubs are a ^nutritious, spihach-like, green 
vegetable. Known only in Central America,’chaya^deserve's testing elsewhere 
in the tropics. - 

Hearts of Palm (harvested from Euterpe, Bactris, /tcrocomis, Cocas palms, 
etc.). The demand for this delicacy has increased so rapidly during tjje past 10 
- years that, current supplies are' inadequate.-Wild stands afe being harvested 
relentlessly. Since extracting the heart kills the palm, plantation cultivation 
(which appears ‘highly promising economically} must be iencouraged before 
wild stands are destroyed. ' » ; ( 

Wax Gourd (Benin casa h isp id a) ..This lai^e, melon-like jvegetable is easy to 
grow and can yield .three crops per year. Its outstanding feature is that the 
fruit can be kept without refrigeration for as long as 12 months. 

Winged Bean {Psophocarpus fetrago nolo bus)'. Thi#' climbing bean, im¬ 
portant in Southeast Asia and Papua New Guinea but unknown elsewhere, is 
possibly the tropical counterpart of the soybean. With research, it could 
perhaps become one of the best-sources of usable protein in the tropics. 


Fruits 

Durian (Durio spp.). The common durian 1 is a large, spiny fruit that is 
esteemed by many for its taste and reviled by others for its odor. Newly 
discovered odorless species might be more esthetically acceptable and could 
open a World market for this crop. 

Mangosteen (Garcinia mangostana ). Perhaps the world’s best-tasting-fruit, 
the mangosteen is little known outside its Southeast Asian habitat. 
Concentrated agronomic and horticultural researqh would help extend its 
range to other parts of the very humid tropics—a climate zone that is unsuited 
to most crops. 
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y blaranjilla (Solarium quitoense). Related to, but wholly unlike, tomatoe’s, 
%is dessert fruit is highly esteemed in Peru,, Colombia, Ecuador| and 
Guatemala, but virtually, unknown elsewhere. Its delicious, refreshing juice 
might become popular in the African and Asian Tropics, where the plant could 
easily flourish. 

Pejibaye (Guilielma gasipaes). The chestnut-like fruit of this palm is 
probably the most nutritionally balanced of tropical foods. It contains 
carbohydrates, protein, oil, minerals, and vitamins. Suite^d to the wet tropics, 
the trees, once established, require little Care and yield we LIT W _ 

PummeTo (Citms.grand is). This large fruit, pmbaply a parent of the 
grapefruit, is highly prized throughout Southeast Asia. Superior cultivars 
would become- important crops,.if produced elsewhere in the lowland tropics. 
Though widely tested'in the citrus regions of the world, the cultivars tested 
never approached the quality of the best from southern Thailand. * 

Soursop (Annofia muricata). Well' known in the South and Central 1 
American tropics, the rich, aromatic flavqfkpf soursop pulp could be more 
widely enjoyed. The fruit pulp and juice’keep well and are potentially 
profitable exports to Europe and Ndrth'America. J ' ..C • 

Uvilla (Pourouma cecropiaefolia). This grape-like fruit is almoSt-unheard of 
outside its homeland in the western part of the Amazon basin. .Its agreeable 
pulp is eaten raw and is also riiade into wine. It merits trial in other forested^ 
lowland regions of the tropics. / Absolutely nothing is known about its 
cultivation or agronomic potential. 

Oilseeds 

1 Babassu ( Orbignya martiana). This palm grows in abundance in the Amazon 
basin and parts of Central America. Though the seeds are rich in oil (very 
similar to coconut oil in composition), the babassu palm has not been 
domesticated. The main barriers to its exploitation are the labor required for 
seed collection and the-fact that the extremely hard seeds are difficult to 
open. 'a ■ ' - 

Buffalo Gourd ( Gucurbita foetidissima): This wild, North American desert 
gourd, which furnished edible seeds for the American Indians, is a potentially 
profitable source of edible oil and protein in extremely arid lands. It deserves 
wider recognition and test planting in all arid regions of the world. 

Caryocar species. Although. Sir Henry Wickham, the initiator of the 
Malayan rubber industry, promoted this oil source as enthusiastically as he 
-did the rubber tree, Caryocar species remain little-known trees growing wild 
in the Amazon region. They bear large quantities of oily seeds resembling 
Brazil nuts. 
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Jessenia polycatpa. Native to the Amazon region, this palm bears 
extraordinarily large bunches of fruit with an oil similar to olive oil in 
appearance, composition, and quality. It is sold as an'edible oil in Bogota, 
Colombia, but is virtually unknown to the Test of the-World. 

Jojoba (Simmondsia chmensis). This subtropical. North American desert 
plant is unique in the vegetable kingdom; it secretes liquid wax in its seeds 
instead of the glyceride oils secreted by other plants. Liquid waxes are 
important in industry. They are difficult’ to synthesize, and the only other 
source is the sperm whale. The development of jojoba as a crop promises to 
provide important economic benefits to arid tropical and subtropical regions. 

i 

Forage Crops 

Acacia albida. Occurring in savannas of East and West Africa, this leguminous 
tree is unusual in that it is verdant with foliage and fruit during the dj-y 
season. Its leaves and pods, relished by all kinds of livestock, are often the 
Only fodder available at that time. " - 

: . Brosimum alicastrum. This tall, drought-resistant tree bears nutritious 
leaves and small fruit with starchy seeds. The foliage is enjoyed by livestock.. 
-Little known outside Central America, it deserves testing in tropical 
areas-especially those having prolonged dry seasons-where a forage source is 
needed. 

Cassid sturtii . Considered unimportant as forage in its native Australia, 
this bush is providing nutritious forage yCar-round in experimental projects 
in Israel. Its potential needs to be determined in- other arid regions of 
temperate or subtropical climate. 

Saltbushes (A triplex spp.). Several Australian species of these shrubs show 
, great promise for arid regions. They produce an abundance of palatable 
forage, especially in saline soils. 

Tamarugo ( Prosopis tamarugo).. A hardy, leguminous tree, native to the 
forbidding Atacaifta Desert in Chile, tamarugo grows through a layer of salt 
sometimes 1 m thick. The nutritional quality pf its pods and Reaves allows 
sheep to be stocked at rates .approaching those of the best forage areas in the 
world. ■ X' * • v- - 

. j f " 

/pther Uses 

Buriti Palm (Mauriiiaflexuosa). Perhaps the most plentiful palm in the world, 

' the buriti is not commercially used. Yet many products—starch, fruit, fiber, 
and wood—could be obtained from it on a large scale; In the Amazon basin, 
Jts native home, it is a plentiful resource that would well'repay research and 
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development. There are comparable palms elsewhere in the tropics that 
should be similarly investigated. 

Calathea lutea. This tall herb grows wild in swamps in the Amazon 
basin, but does equally well in plantations in wet regions. Its leaves are 
coated with a hard-melting wax. Simple to plant and harvest, Calathea 
lutea could provide jobs and income in otherwise unusable tropical 
swamps. 

Candelilla (Euphorbia antisyphilitica). This herb from the deserts of 
northern Mexico has leaves coated with valuable wax., A subsidized Mexican 
industry has produced and exported it to the United States for several years. 
Research^ into the processing and cultivation of candelilla could convert it 
into a highly profitable crop for arid lands throughout the subtropics. 

Guar {Cyamopsis tetragonoloba ). The high-protein seeds of this Asian 
plant, which resembles the soybean, contain a gum that is in increasing 
demand by industry. Because of its unusual properties, the gum has many 
uses, from making water slide more readily through fire hoses to thickening 
ice cream. Of all sources for vegetable gums, guar is the most promising. 

Guayule (Parthenium argentatum). A shrub of Mexican deserts, guayule 
contains good qumti’fies of latex that closely resembles that from the Hevea 
rubber tree. Technical problems associated with separating the latex from 
resins and other vegetable matter have prevented its development. But it still 
holds great promise and, given research, it could become an important source 
of rubber for production in arid land^. 

Paspalum vaginatum. This highMsalt-tolerant grass withstands inundation 
by seawater and is recommended for the xevegetation of salt-affected 
regions'. It is especially good^ for stabilizing sandy beaches. Already 
cultivated successfully in Australia, it provides forage in otherwise unusable 
coastal marshes. 

Ramie (Bo&hmeria niveaj. The fiber from this tall/perennial sh^.ub, native 
to East Asia, has superior qualities—strength and freedom from stretch and 
shrinkage among others. But its use is restricted by the-sticky gum that clings 
--- tenaciously to the fiber. Solving the problem of degumming (without 
weakening the fiber) would give ramie a significant role in tropical 
agriculture. I 

Spirulina (SpirUlina platensis and Spirulina maxima). These high-protein 
algae grow in brackish and alkaline waters. Unlike some other algae, 
spirulina’s large aggregations make it easy to harvest by net or other simple 
means. It is palatable and is already eaten in Chad and Mexico. 
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ECHINOCHLOA TURNERANA 

Echinochloa tumerana* a little-known wild Australian plant, has never 'been 
used directly by man, nor has the possibility of cultivating it been 
investigated. Nevertheless'', it offers great promise as a forage and /gpain crop 
for arid regions. Its most significant feature is that only a single watering is 
required for the plant to develop from germination t© harvest/ 

Locally called channel millet, channel sorghum, and tiative sorghum, it 
grows almost exclusively in the channel country of inlapd Australia (see map, 
p. 11) where it is recognized as one of the most palatable, nutritious, and 
productive fodder grasses. The grain is eaten by^Orses, cattle, and sheep and 
is much sought after by native birds. In addition the leaves, culms, afd seed- 
heads are readily eaten by livestock. Fur therm qre,""the whole plant makes 
excellent hay. / 

Field experience indicates that the seed of Echinochloa tumerana will not 
germinate after light rains; deep flooding is required. Deep floods not only 
induce germination, but allow the/|)lant to complete its development without 
further water. So, unlike other cereals, it does not require a series of 
waterings throughout its"lifetime., ' ‘ 

Echinochloa turnerand^Aways grows in fertile, silty clay that cracks deeply 
when dry and is sporadically subjected to deep flooding. Sites may remain 
dry for years betweenfloodings. The plant often grows abundantly during 
spring, summer, oj/early autumn when floods occur. 

Echinochloa/inundata, similar in appearance and growth habits to 
Echinochloa turner ana, has only recently been identified as a distinct species. 
It grows in less arid areas than Echinochloa turneraha: in swamps and clay 
Soil depressions (that hold wat&r for several weeks after heavy rain), and along 
streams and ponds. Collectors’ notes indicate that it, too, is palatable to 
livestock, but its nutritional value is unknown. * 

/ , • 

*Echinochloa tumerana (Domin) J.M.> Black. Family: Gramineae. 
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Echinochloa turnerana. (R. G. Silcock) 


LIMITATIONS AND SPECIAL REQUIREMENTS 

Almost nothing is known about the agronomy or use of Echinochloa 
turnerana. No attempts have yet been made to domesticate it, and there is 
little documented information on its botany, germination, growth, environ¬ 
mental requirements, yield, etc. 








& 

Echinochloa turnerana. KnoWn as channel millet, this wild cereal grows in Central 
Australia’s channel country, shown here. This arid region receives an average of 100mm 
of rain annually, which falls irregularly in only one or two downpours. 


Some species of Echinochloa are ruinous rice field weeds'. The Echinochloa 
crus-galli cqmp*lex contains some of the weeds most feared by rice growers. 
The weediness of Echinochloa turnerana is unknown, but strict quarantine 
measures must be enforced during experiments in case it is like its relatives. 





beds and low-lying regions, Echinochloa turnerana grows prodigiously after the soil has been thoroughly soaked. It needs only a single 
g to complete its life cycle—an important benefit in arid areas where rainfall is irregular. (S. L. hverist) 








Although it, is a wild plant never subjected to agronomic improvement , tchinochloa turncrana 
.bears dense and heavy seed heads. (S. L. Lyerist) 
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o 

RESEARCH needs 

A large collection of seeds is needed for study and distribution and for testing 
in suitable tropical and subtropical arid and semi-arid lands. 

The requirements for germination, growth, and optimum production must 
be determined. 

The genetic behavior (particularly genetic variability and possibilities for 
selection and breedings of superior strains from wild populations) must be 
investigated. , . 

Testing with -available seed- and forage-harvesting equipment and grain¬ 
cleaning equipment should berdoja'dncted in Australia. 

Selected Readings. 

• . f: ' 

Blacky J. M. T943. Flora Of South Australia. Part 1, 2nd Ld. Government Printer, 
Adelaide, Australia, p.-72. ' 

Blake, S. T. 1938. Proceedings of the Royal Society of Queensland. 49:1 87. 

Skerman, P. J ! . 1947. Bureau of investigation technical bulletin number 1. In The 
Channel Country of South-west Queensland, pp. 71-92. QueenslanchDkpartment ol 
Public Lands, Brisbane, Australia. 


. Research Contacts and Germ Plasm Supply 

Department of Agronomy, University of Sydney, Sydney, New South Wales 2006, Aus¬ 
tralia (P. W: Michael) . • 

Director of Agriculture, Department of Primary Industries, William Street, Brisbane, 
Queensland 4060, Australia 

-Queensland Herbarium, Meiers Road, Indooroopilly, Queensland 4068, Australia (R. W. 
\ Johnson, Director) ' 


GRAIN. AMARANTHS 1 / 

Three promising species of Amaranthus* are largely neglected candidates for 
increasing protein production in ■ developing countries. Amaranths are 
fast-growing, cereal-like .plants that produce high-protein grains in large, 

*1. Afnfaranthtis' caudatus L. (Amaranthus edulis Speg. is considered a race of this 
species), 2 . 'Amaranthus cruentus L., and 3. Amaranthus hypochondriacus L. (also 
known as Amaranthus leucoparpus). Family: Amaranthace^e. 








sorghum-like seed he^ds. Their protein-rich. leaves are already widely con¬ 
sumed (a tropical spinach that can be harvested many times a year). 

Analyses and feeding experiments demonstrate , that Amaranthus eduth > 
grain is- rich in protein and'exceptionally high in lysine-one of the critical 
amino acids usually deficient in, plant protein. In Amaranthus edulis 6.2 g 
lysine per 100 g protein has been measured.* This value exceeds that found 
in high-lysine maize varieties (opaque-2 and floury-2) even in milk. It is 
about the same as that found in soymeal. 

The seeds of all, three species are high in protein. Amaranthus hypochon- 
driacus seed, contains about IS percent protein and 63 percent starch. & The’ 
starch is similar to t(ie premium-priced Starch of waxy maize.f 

These amaranths are now cultivated as minor grain crops in Latin America: 
Amaranthus caudatus in the Andean regions of Argentina, Peru, and-Bolivia; 
Amaranthus cruentus in''Guatemala; and* Amaranthus hfpochondriacus in 
Mexico. They are- ancient crops, which .at the time of the Conquest were 
major grain crops in tropical highlands of the Americas. Displaced by 
larger-seeded grains such as maize, they were .relegated to secondary, often 
inconspicuous, roles, Cultivation of Amaranthus hypochondriacus was also 


*W. J. S. Downton. 1973. See-Sel&cted Readings, 
t Ibid. 


Amaranthus hypochondriacus. (Rodale press, Inc.) 
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suppressed by the Spanish church in its effort to eradicate pagan Aztec 
ceremonies that centered around amaranths. For over a century, grain 
amaranths have been important to Asian hill tribes, and their use is spreading 
into the plains of India. , 

Amaranth grain is usually parched and milled and the dough formed into 
pancakes, or it may be cooked for gruel, popped and made into confections, 
or powdered and made into a drink. Young plants are often gathered as 
potherbs. 

Although little accurate information is available on amaranth grain yield, 
the crop is reported to show a greater yield than maize grown' on adjacent 
plots. A harvest of about 1 ton per hectare has been reported for Amaranthus 
hypochondriacus cultivated in Gujarat State in India. 

LIMITATIONS AND SPECIAL REQUIREMENTS 

The amaranths grown for grain are pale seeded. The appearance, flavor, and 
popping capability of the pale seeds are best. Wi]d, dark-seeded varieties are 
those generally used as potherbs and ornamentals 5 ; they are not suitable for 
grain,T)ark seeds should be culled before planting because they often produce 
vigorous, weedy plants. A . I 

Amaranths require good, well-tilled soil and moderate rainfall. Seed may 
be broadcast, and the seedlings thinned (thinnings make good potherbs), or 
transplanted out as nursery-grown plants. Each plant requires about as much 
room as a large maize plant. They probab.ly require large amounts of nitrogen 
and phosphorus. 

The huge seed heads must be cut when the seed begins to ripen, and fall. 
Threshing and winnowing require hand labor. 

Each of the three Amaranthus species grows in a wide range of climates, 
but local varieties differ in their dS^-length responses: experimentation is 
required to find varieties best suited to a given location. 

RESEARCH NEEDS 

Because of the importance of the discovery of high lysine in Amaranthus 
ediilis, the composition ^and nutritive potential of varieties of the other 
Amaranthus species should be evaluated by nutritionists. 

Investigation of the preparation of the seed (and derived products) 
into acceptable dishes should be initiated. Processing losses and pre¬ 
servation methods for commercial and home use should be considered. 
Particular emphasis should be placed on labor requirements, rotation 
and cropping patterns, and comparisons with other crops grown in th? same 
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region. -A detailed study of the traditional cultivation, harvesting, processing 
and use of grain, amaranths in Latin America and India’s highland regions is 
necessary. * ' ; , 

Since seed shedding (shattering) is a problem, an effort should be made to 
discover nonshattering Varieties. \ \ '. . ' ; t 

As in soybeans, the pnset of griin^amaranth flowering depends on day 
length (photoperiod). Races-.shoufd be selected for different latitudes and 
rainfall regimes. . 

Accurate records of- yield‘/are needed for different agronomic treatments 
and : iri different climatic regions. . ; 

Seed size niay have important, influence on seed composition (for example, 
the ratio of husk to,endosperm) and hence on seed quality. S$,e$ size., 
.therefore, warrants special agronomic attention. v \ 

Selected Readings . , . ' 

Downton, ‘W. <l J. S'. 1973. Amaranthus edulis: a high lysine grain amaranth. World Crops. 

25(1): 20. . ‘ . 

M^cMasters, M. M., P. D. Baird, M.-M. Hazapfel, and E. C. Rist.T 1955. Preparation of 
- 1 sl^rch from Amaranthm emeritus, seed. Economic Botany. 9(3):300-2. e r 

Safford, W. E. -1917. A forgotten, cereal of ancient America. Proceedings l~9th 
International Congress of Americanists, 1915. Washington, D.C. pp. 286-97. 

Sauer, J. D: 1950. Thegrain amaranth^ a survey of their history, and classification. 
Annals of the Missouri Botanical Garden. 37: ^61-632. 

Sauer, J. D. 1967. The grain amaranths and their relatives; a revised taxonomic and 
"’V., geographic survey. Annals of the Missouri Botanical Garden. 54:103-3,7, 

Singh, H. 1962. Grain * Amaranths, Buckwheat and Chenopods .* Indian Counqil-of* 
Agricultural Research, New Delhi. ^ 

Research Contacts and Germ Plasm Supply 

Asian Vegetable. Research and Development Center, P.'O. |ox 42, Shanhua, Tainan, 

741, Taiwan, Republic of China (J, C. Moomaw, Direct^JjJbjfc 

CSIRO, Division of-Horticultural Research, Box G.P.OT Adelaide, Australia 5001 
(W. J. S. Downton) . ... 7.- - o 

•Department: of Agronomy and Range Science, University ‘of “California, E Davis, c Califor v 
nia 95616, USA (H. Hauptli and S. K. Jain). 

Department of Agricultural Research, Royal. Tropical Institute, Amsterdam, Nether¬ 
lands (Ir. G. J. H. Grubben) * . . ~ 

Mayaguez^ Institute of. Tropical Agriculture, Box =70, Mayaguez,,Puerto? Rico 00708 
r (F. .W. Martin and R. Ruberte) ~ " ( 

' National Botanic Gardens, Lucknow 226 001, India (T. N. Khoshoo and Mohinder Pal) 
'*Rodale Press, Inc. 33 Ea.st Minor Street, Emmaus, Pennsylvania 18049, USA (R. 

* Harwood)' - . ., > 

Tamil Nadu Agricultural University, Coimbatore 641 003, India (G. Oblisamij 
University of California, Los Angeles, California 90024, USA (J. D. Sauer) 

University of Lund, Lund, Sweden (R. Carlsson) 
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QUINUA Y 

f. ' . 

A staple of the ancient Incas, and still a staple for millions, quinha* is 
virtually unknown outside the highlands of Bolivia, Chile, Ecuador, and Peru. 
Its grain, rich in protein’ and containing a good amino acid'balance, may prove 
to be a better protein source than most of the true cereals. 

* In the high Andes, quinua is primarily a food of campesinos and poorer 
classes; increasing'quinua production and pse could Improve their inadequate 
diet. In particular, the greater use oT quinua in livestock feeds would result /in 
better meat production. In highland tropical areas outside of the Andes 
quinua could prove valuable for improving nutrition, too. 

'> Although long used for hurpan consumption, quinua seeds have bitter 
tasting constituents-chiefly saponins. They are in the seed’s outer layer and 
can be washed out in cold water. However, this method does not assure the 
uniform quality necessary for commercial distribution. Recently, Bolivian 
breeders^ have selected a saponin-free variety 1 , but widespread testing is just 
beginning.' \ . 

Quinua is a hardy plants before the Spanish Conquest it wa? nne of few 
native grains hardy enough for the high Andes. Subsequently, it was largely 
supplanted by barley—a less nutritious grain. An annual herb, quinua grows 
1-2.5 m tall. It is cultivated at altitudes of 2,500-4,000 m where, with short 
day length, the plant maturesTn 5 or 6 months,^producing an abundance of 
white or pink seeds in large ; sorghum-like clusters. These nutritious seeds 
contain 58 percent starch,- 5 percent sugar, 12-19 percent protein* and 4-5 
percent fat. 

Quinua seeds are used in soup and groun#into flour for . bread and cake. 
They have also heen used to make beer and produce feed for swine and 
poultry. A quinua breakfast cereal is manufactured in Peru and quipua has 
demonstrated value as* a partial wheab-ilour substitute for enriching bread. 
Quinua leaves are sometimes used as a^reen vegetable. - 

Although quinua grows in areas having short day length,cool climates, and 
high altitudes, it is possible" that/new varieties can . be created for other 
latitudes and altitudes, ? -r- : ^ Y‘ ’ '« ... . 

Work has'been conduct^dYn^eru and Bolivia on the biology of the plant. 
Races have been catalogued, variety and fertilizer trials have been conducted 
in various localities, and some strains have been* Selected. The Bolivian 
saponin-free variety (cross-brqd and selected at the Patacamaya Experiment 
Station; see Contacts list'patje 23) is called sajama. It requires no washing, 
has shown no deleterious e/fects in food of animal feed, and is* now bping 
field tested in the Bolivian and Peruvian Altiplano. 

j . /Y / ' . ' ■ 

*Chenopodium quinoa Willd. Also known as quinoa. Family: Chenopodiaceae 






Two related Chenopodium species are also cultivated as food plants in the v 
Americas: Cafiihua Chenopodium pallidicaule and ffuauzontle Chenopodium 
nuttaliae . Canihua Chenopodium pallidicaule ha^ an .even higher protein 
content than quirtua and grows at higher elevations in the Andes of Peru and .. 
Bolivia. It is a potential crop plant for extreme highlands in other parts of the 
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world. However, it has low yiejld, is only a semi-domesticated plant, and will 
need much experimental work before it cah fulfill its potential. - 

Huauzontle Chenopodium nuttaliae is cultivated in south central Mexictv- 
at altitudes of 1,200-3,000 m, Jargely for its flower .dusters (which are used as 
a vegetable), although several Strains are grown as grains. Protein analyses of 
the available varieties should precede attempts to encourage wider cultivation. 
This species will hybridize with quinua, which suggests The-possibility of 
improving both. 

LIMITATIONS AND SPECIAL REQUIREMENTS 

No intensive research on quinua cultivation has been done: growing methods 
have changed imperceptibly during the past four centuries. 

Saponins could be a blessing in disguise; their bitterness may deter those 
insects and birds that are normally pests in grain fields. Perhaps this is why 
strains containing saponins have prevailed. 

If not removed, saponins adversely affect the taste and digestibility of 
quinua-based animal feeds. . ' ... •• 

Quinua varieties show highly variable protein®content. The Patacamaya 
Experiment Station has varieties with 16,17,18, and 19 percent protein: 

x . i ■ ■ ( * ■ v 

RESEARCH NEEDS ‘ ; 

Collection of seeds from all quinua varieties growing throughout the Andean 
rCgibn is necessary. Safely stored in a seed bank the seeds could provide the 
germ plasm needed for genets improvement, for trials in new locations, and 
for impleyehtation of an intensive^plartt-breeding program. 

Initially, all:races should be examined^to find saponin-free, high-yield 
plants with large sjjeds,high protein content, and good amino-acid balance. A 
further requirement is identification "of quinua varieties" with the highest 
nutritive Value for domestic animals. 

Both inwaspecific' and interspecific cross-breeding should be attempted. In 
addition to tn^lnumerous races of cultivated quinua, wild or weedy types are - 
also recognizedMfor example, Chenopodium quinoa var. melanospermum). 
Some of these wb^ds may offer useful genes (fpr 'example, for disease 
resistance). Hy^ids Bb^ween quinua and huauzontle show reduced fertility;, 
but seed is produced; ir^hould prove possible to transfer gertes from one 
species to the other. > 

The effectiveness of saponin\as a>pest deterrent should be evaluated. It 
may be preferable (energetically tfhd ecologically) to mill out the saponins 
after harvest ramer than to apply jpestifeides during the growing season. 


•• Selected Readings 

Bruin, A. de. 1964. Investigation of the food value of quinua and'canily.ia seed. Journal 
■ * of Food Science. 29:872-6. 

Cardo^^., J. Rea, and I. A. de Viscarra. 1970. Bibliografia de la Quinua y la Canihua, 
Bolefin bibliografico # 13. Sociedad de Ingenieros Agronomos de Bolivia (La Paz). 
Gade, D. W. 1970i Ethnobotany of canihua ( Chenopodium pallidicaule ) rustic seed crop 
of/the Andes. Economic Bojany. 24:55-61. 

Gandarillas; H. 1968. Caracteres botanicos mas importantes. para la blasificacion de la 
quinua. In “Convention de Quenopodiaceas. Primera, Puno, Peru, Noviembre 5-8. 
Anales. Puno, Universidad, Facultad de Agronomia. 

Gandarillas, H. 1968. Estudios de Herencia de la .Quinoa. Boletirf Experimental 35. 
Ministerio de Agricultura, Division de Investigaciones, Instituto Boliviano de Cultivos 
And'inbs, La Paz,. Bolivia. j 

Gandarillas, H. 1968. Razas de Quinoa. Boletin Experimental 34. Ministerio de 
Agricultura*, Division de Investigaciones, Instituto Boliviano de-Cultivos Andinos, La 
Paz, Bolivia. & 

Leon, J. 1964. Plantas Alimenticias A'ndinas. Boletin Tecnico 6, Instituto Inter- 
americano de Ciencias Agrfcdlas, Lima,'Peru. (Probably the best general reference; 
has extensive bibliography.) ' " ' 

Nelson, D. C. 1968, Taxdnomy and origins of Chenopodium quinoa and Chenopodium 
nuttaliae. Ph.D. Thesis, Indiana University (Available from University Microfilms, 
Ann Arbor, Michigan, USA. Order number 694792). 

Simmonds, N. W. 1965. The grain chenopods of the tropical American highlands. 

Economic Botany. 19:223-34. • 

White, P. L., E, Alvistur, C. Dias, E. Vinas, H. S. White, and C. Collazos. 1955. Nutrient 
* content and protein quality of quinua and cartihua, edible seed products of the Andes 
mountains. Journal of Agricultural Food Chemistry. 3:531-5. 

Wilson, H. D. 1974. Experimental hybridization of £he cultivated chenopods ( Cheno - 
- podium L.) and wild relatives. Proceedings of the indianct Academy of Science 
(Abstract) 82. Available from author, address below. 


Research Contacts and Germ Plasm Supply 

IDRC Regional Office,. Agriculture, Food and Nutrition Sciences Division, Apartado 
Aereo 53016^ Bogota,TD.E., Colombia (E. J. Weber) \ f 

Instituto Boliviano de Tecnologia Agropecuaria, Casilla 5783, La Paz, Bolivia (S. Riera 
n G., Director Ejecutivo)" .' - ., ’ 

Instituto Interamericano de Ciencias^ Agricolas OEAf Andean Zone, Box 478,' Lima, 
, Peru ' : -j./;.;- •' * , '• ; ^ 

Laboratory of Plant Biology j Department'of Bio logy f^texas A & M University, College 
Station, Texas 77843, USA (H. D. Wilson) v 

Ministerio de juntos- Campesinos y Agropecuarios, Biblioteca Nacional Agropecuaria, 
La Paz, Bolivia * " • ; - ■> 

Plant Genetics Resources Center^CATIE, Turaalba, Costa Rica (J. Leon,"Head) 

M? Tapia, Casilla 6057, La Paz,.Bolivia 
University of Lund, Lund, Sweden (R. Carlssbn) 

Universidad Naci’onal Agratia La Molina, Apartado 456, Lima, Peru (J. de Albertis) 
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ZOSTERA MARINA 


Zostera marina* is a marine flowering plant that grows in shallow seawater. 

It is one of the few plants that grow and flower fully submerged in seawater. 
When ripe, the grainhearing part breaks loose and floats to the surface where 
it drifts to the shore and can then be harvested. Although little is known 
about the use of Zostera marina as a grain crop, it yields well in warm, clear, 
sun-drenched water. It holds potential as a food crop that‘can be grown Jh 
tropical estuaries aroufrd the world. However, almost nothing is known about ' 
Zostera marina as a crop plant and only exploratory, small-scale research is 
warranted at present." / 

The only recorded case in which the sea has been used tor grain 
production is that 6f the Zostera marina harvested by Seri Indians on the * 
West Coast of Mekico.t The Seri Indians prepared Zostera marina grain by 
threshing sun-dried plants with wooden clubs and loosening the fruit by 
rolling the seed heads between their palms. The product was winnowed 
(tossed in the air), then the grain was toasted, rewinnowed, and ground into 
flour. Cooked in w$ter into a thick or thin gruel, the flour has a bland flavor; 
Traditionally it was combined with other food, usually sea turtle oil * or 
honey. .*» * - 

The plant is native to the coasts, of the northern hemisphere from the. 
subarctic to the subtropic. Related species occur in the southern.hemisphere. 

The grain derived from Zostera marina is--3-3.5 mm long and 1-1.5 mm in 
diameter.'Like wheat flour, Zostera grain flour is relatively bland and can be 
variously flavored. The one sample*fanalyzed to date shows its protein and 
starch contents compare favorably with those of wheat, rice, and other . 
grains; 13.2 percent protein50.9 percent starch,.and 1.0 percent crude fat. 

The leaves of Zostera marina' may also prove valuable as fodder, thatching, 
or packing material. The foliage is an important food for some sea turtles and 
water fowl. An important shallow-water, mud-flat stabilizer, the plant helps 
to sustain the productivity of estuarine and other coastal areas. 


S tations and special requirements 

ransplantation and seeding experiments are under way, and some 
cultivation work exists’ little is known about 5 the propagation or 
production .of these plants as a crop. Even among the Seri Indians, only the 
elderly/know, about its traditional use within the tribe. Thus, even the 
fimitariphs and special requirements of this plant are now unknown. 

*Zvstera marina.'Mso known as eelgrass.family: Potamogetonaceae. 
fFelger arid Mosei, 1973. See Selected Readings. . 

























































RESEARCH NEEDS * . 

Research on both harvesting procedures and nutritional analysis- and use of 
Zostera marina -seeds is needed. Large-scale collections should 1 be made for 
analysis and general experimentatioln. 
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Attention should be given to the temperature tolerance and day-length 
requirements of varieties from! different areas. Attention should also be given 
to certain vigorous, wide-leafe4 varieties, which may produce higher yields. 

. Selected Readings ; | 

Felger, R. S. f975. j! ^|utritionally silnifieant new crops for arid.^ds: »model from the, 
Sonoran desert. In ‘Pri6rities\n\Child Nutrition in Developing Countries , ed. Jean 
Mayer. Vol. II, Section '16..- United- Nations Children's -Fund, "New York. (Order 

| Number: E/ICEF/t. 1328.) . ‘ , ’ *■... 

| Felger, R. S., and C. 1*. Mfelfoy. 1975. Seagrasses as potential food plants. In Seedbearing 
Halophytes^ 'as Food Plants;*Proceedings of a Conference , ed. C. Fred Somprs. 
Del-SG-3-75. pp. 62-9. College of Marine'Studies, University of Delaware, Newark, 
Delaware, USA. c? 

Felger, R. S>, and M. B, Moser. 1973. Eelgrass {Zostera marina L.) in the Gulf of 
California! Discovery of its nutritional value by the Seri Indians^Sc/Wice. 181:355-6. 
den H’artog, 0. 1970. The Sea Crosses of theWorld'. North-Holland Publishing Company, 
Amsterdam. 1 -? ■ f 

McRoy, C. P., and R. C. Phillips. 1968. Supplementary bibliography on eelgrass, Zostera 
v . marina, US. Fish and Wildlife Service Special Science Report Wildlife 114. 

QovemmentPrindng Office, Washington; D.C., USA. 0 
* Phillips, R. C. 1964. Comprehensive bibliography of Zostera marina. U.S. Fish and 
Wildlife Sendee Special Science Report Wildlife 79. Government Printing Office, 
Washington, D.C. JUS A. *' 7' ,.. a 

J ‘ ‘ * : . 

'£ \ . 

Research Contacts and Germ Plasm; Supply 

Arizona-Sonora Desert Museum, Route 9, Box 900, Tucson, Arizona 85704, USA (R. S. 

Felger) -| C 

Department of Botany, Seattle Pacific College, Seattle, Washington 98119, USA (R V C. 
Phillips) . 

Institute of Marine jScience, University of Alaska, Fairbanks, Alaska 99701 (C. P. 
McRoy) I ' 2 







II ROOTS AND 
TUBERS 

- 

ARRACACHA - 

Native to the Andean highlands from Venezuela, to Bolivia, arracacha *.is an 
herbaceous.perennial that produces large, thick, edible, carrot-shaped, starchy 
"mqts with a color suggesting parsnip. Arracacha is cultivated today in most 
Lami>American countries as far north as Costa Rica, usually in small gar¬ 
dens for local use. In the larger cities of Colombia, however, arracacha 
roots are sold in considerable quantities. In many areas arracacha replaces the 
potato; it costs only half-as much to plant and harvest. 

If introduced into other high-altitude areas of the tropics, arracacha iS\ 
likely to be a valuable root crop, particularly if improved cultivars and 
cultural techniques are developed. The tubers are' reported to have a starch 
'content ranging jfrom about KTtb 25 percent and to be rich in calcium and 
phosphorus. The starch is similar in maqy respects to that of cassava; it is 
easily digested and can be used in infant and invalid foods. It also makes a 
■ suitable laundry starch..;' > 

Secondary tubers (offshoots of the main tuber) are an important 
carbohydrate foodstuff and. are boiled or fried as a table vegetable or used as- 
an ingredient in stews. They have a delicate flavor, a crisp texture, and, 
depending on the cultivar, white, creamy-yellow, or purple flesh. In many 
areas yellow tubers are preferred. 

All other parts of the fclant are also"used: offsets for the next planting, the 
coarse main rootsfocks and mature leaves for livestock feeding, young stems 
for salads or a table vegetable. , ■ 

Arracacha thrives in ijiny good soil and is* cultivated like, and often 
interplanted with, \potatoes. The secondary tubers usually mature 10-14 
months after planting; sometimes an early harvest of immature roots is\ taken 
after about, 4-8 months. The entire plants are pulled up t with the ‘.roots 
attached. ... . 

Seeds are seldom produced; propagation is entirely vegetative. Planting can 
be done at any time, but is usually done at the beginning of the rimy season. 

*Arracacia xanthorrhiza Bancroft. Family.: Umbelliferae. Also known as Peruvian carrot, 
arracha, Peruvian parsnip, and Arracacia esculenta DC. 
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In Colombia, arracacha is said in sacks, 60 kg each. .(T. liiguina Munoz) 


LIMITATIONS AND SPECIAL REQUIREMENTS 


Except in the “lowlands, arracacha yields at all elevations in the Andes. It 
requires a moderate, evenly distributed rainfall of at least 60 cm (but 
preferably 100 cm); if the natural rainfall is insufficient, supplementary 
irrigation is required. For optimum results an equable temperature of 

15-20°C throughout the year is needed. There are $on\e varieties.those 

normally grown, at lower elevations -that are frost sensitive, but the varieties 
adapted to the higher altitudes, where they do get occasional and.light frosts, 
appear not to be seriously harmed by them. 

In some regions arracacha is susceptible to nematode attack, burlhis can 
be controlled successfully with a copper-based pesticide. 

Harvesting canrgW bef, delayed because roots left in ffte ground become, 
fibrous and ’and i^vdiop a strong, unpleasant flavor. Because of a short 

shelfTife, itun EgM^cttmely high-priced product in the marketplace. 
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RESEARCH NEEDS 


Arracacha .cultivation should be tested in the highlands and hill country of 
East Africa, Central Africa, India, Southeast Asia, New Guinea, etc. Some 
remnants of' old introductions may still exist in the highlands of Central 
America (e.g., Guatemala) and the West Indies (Jamaica, Cuba, and Puerto 
Rico); local agronomists should investigate. Given some research attention the 
remnants may provide material for arracacha improvement and expansion.. 

. Little , direct testing of the environmental tolerances of arracacha has been 
conducted; study of the latitude, altitude, temperature, soil type, and 
moisture requirements is needed^ A study of pathogens infecting arracacha 
should also be made*. % ' 

Three varieties of cultivated arracacha (distinguished mainly by' the color 
of the flesh of the roots) are known. Wild varieties may exist in,the Andean 
region; they should be sought and preserved. No analysis of the relative 
nutritional and agronomic merits of even the existing varieties has been done... 
Research On this is needed. .. • v . 


Selected Re^dpigs 

Constance, L. 1959. The South American species of Arracacia (Umbelliferae) and some 
related genera. Torrey Botanical Club Bulletin. 76:39-52. 

Hodge, W, H. 1954. The edible Arracacha-a little known root crop of the Andes. 
Economic Botany. 8(3): 195-221. 

Higuitia Munoz, F. 196w El cultivo de la arracacha en la sabana de Bogota. Agnicultura 
Tropical. 24(3): 13946. ' • 

Higuitia Munoz, F. 1969. Comparative yield of nine pieties of Arracacia xanthorrhiza. 

Agricultura Tropical. 25(9):566-70. Field Crop Abstracts. 24(1): 1015. 

Leon, J. 1967. Andean tuber and root crops: origins and variability. Proceedings First 
V International Symposium.. Tropical Root Crops, 1 Pt. 1:121. V 

Kay, D. E. 1973. TPI Crop and Product Digest No. 2: Root Crops. Tropical Products 
Institute, London. (Available from Publications Section, Tropical Products Institute, 
56/62 Gray’s Inn Road, London WC1X 8LU, England. Price £1.50 plus postage.) 


Research Contacts and Germ Plasm Supply 

Botanical Museum, Harvard University; Oxford Street, Cambridge, Massachusetts 02138, 
USA (R. E. Schultes) ; ‘ ^ , 

;W. Hodge, 3 Cayuga View Rd., Trumansburg, Ne^rYorklASSb, USA a 
Instituto de Ciencias Naturales de la Universidad Nacional, Apartado'if535, Bogota, 
Colombia (A Fernandez-Perez) 

/ Instituto Interamericano de Ciencias Agricolas OEA, Andean Zone, Box 478, Linm, Peru 
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COCOYAMS 
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Great effort has beepruevoted to introducing and adapting fhe potato toThe 
lowland tropics, while indigenous tropical root crops havfe been largely 
neglected. Cotoyams,* native to the Americas, are already adapted to tropical 
conditionsrand have been successfully introduced to other tropical regions, 
especially West Africa.' There 1 are / about 30-40 cocoyam species growing 
randomly throughout the tropics, bp only five or six are important sburces 
of edible, products. Despite their adaptability, acceptance, and commercial 
food value, cocoyams^haye received little attention by researchers. Con-' 
sequently, their potential is not being realized, and their use is declining. > , 
Much of the potential of coco yams lies in commercial (ratheq than 
subsistence) production.Tf agronomists select high-yield, good-quality culti- 
vars, and develop a technology fof their intensive cultivation, cocoyams could 
become a major tropical food Crop. Their future depends particularly on 
reducing production costs, possibly by mechanizing some of the cultural 
practices. ~ 

jCocoyams have a central tuberous root (corm) surrounded by smaller 
potato-sized tubers ^ce^nels). Only the cormels are normally used for human 
consumption. The co'ims are used for animal feed and for replanting. Capable" 
of yielding 30-60 tons of cormels per ha, cocoyams cap/be grown in various 
types of soil. Like potatoes, the borrqels may be boiled, baked, parboiled, 
•fried in oil, or ground into 'flour. In West Africa, fresh/tubers are ground (to 
produce fufu) and used to thickenjtews and soups. 

The cofmels compare with potatoes\in nutritive value. They contain 2-3 
percent protein (fresh weight) but are deficient in lysine, methionine and 
cysteine. Rich in minerals and vitamins, they are palatable energy foods. The ’ 
tender leaves and shoots are a nutritious, spinach-like vegetable. f 

Some cocoyam varieties yield a cormel crop in as little as 3 months, others 
in JO months. Cormels can be harvested ihdividually^as each matures, or they 
can be left until all mature and then harvested simultaneously. Some cultivars 
(in fairly dry soil) can be left in place for as long as 2 years without the 
cormels deteriorating. Harvested cormels can be stored in a cool, dry place for 
2-3 months with little effect on quality. 

Cocoyams grow best at low to medium altitudes in the humid (frost-free) 
tropics. Riverine land, too Wet for sweet potatoes and yams, is well suited for 
cocoyams. ^ome v arieties, how ever, also grow w ell in dry soil s. For optimum 
yields they require deep, .well-drained, rich"soil and 14-0-200 mm of rain, Well 

t • ftf. 


*Xanthosoma sagittifolium, Xanthosoma vioMceum, Xanthosoma brasiliense, Xantho- 
soma atrovirens. Also known as tania, tanier, yautia, new cocoyam, etc; Family: Araceae. 




LIMITATIONS AND SPECIAL REQUIREMENTS 

Because virus diseases can devastate root crops, extreme caution shoqjd 
exercised and quarantine enforced when cocoyams are introduced toj new 
areas. ' 8 " - / j ' ■ \ 

Cocoyams require abundanuand well-distributed rainfall. Where prolonged 
-droughts occur they are not likely to flourish unless irrigated. 

Like most root crops, cocoyams have specific soil requirements. 


Cocoyam roots" arid the edible corms that surround them.’ 

Individual conns can be 


harvestfed (as shown here by the stump visible in the'center 

of the roots) leaving the 


plant in the ground for the others to mature. (D. L. PluckneTt) 

t 


• - ^ - ■■ ' .. 
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distributed throughout the year. In areas where the rainfall is^inadequate they 
can be grown under irrigation. 

Cocoyams can be grown within a wide temperature range, but do best in 
an average annual temperature of about 24°C. They are relatively disease- and 
pest-free:. The most common diseases are soft-rot androot-rot. Care must be 
taken to avoid bruising the tubers during harvest; otherwise they are.liable to 
. rot in storage. 




















suited to small-farmer 


Cocoyagi ccwms- in a . village ^mar ke t in 
production in rural areas. (E. S. Ayensu) 


In commercial ventures, where cocoyams are^rown under mass 
va*:ion, pest and disease problems can be expected tolncrfase ip .v.'vemy 


RESEARCH NEEDS 































1 36 ' V ... UNDEREXPLOITED TROPICAL PLANTS 

' -r 

. . V' \ _____ J; . ■ 

Superior varieties should be field tested together (under quarantine) to 
determine performance and ,cornier quality. WitbT the genetic variability 
available, and the simplicity of clonal selection, varieties with increased yield 
and quality and higher protein levels must be selected. 

Many'(or most) co'coyam plants are infected by virus. Although'not fatal* 
to the plant, the infection cloes reduce yield. The virus is found in the corms 
and cormels, so planting them transmits the virus. But reproducing cocoyams 
by seed—generally. thought' to be impossible but recently shown by 
researchers- at .the.iJniVersity of Florida-(see address below) to be eminently 
feasible—produces new- plants that-are virus free. The modern technique of 
tissue ;■ culture also promises to remove the infection.- Once virus-free 
Co coyams are obtained, a certification program and strict quarantine will be 
needed to avoid reinfection. ; 

Other agronomic factors requiring research are spacing, fertilizer, soil-and 
water requirements, pest arid -weed control, and a complete study of the 
physiology of tuber formation. 

: Nutritional research is also needed because nothing is known about the 
biological value of cocoyam protein or the digestibility of the starch. 

Research is needed To industrializevcocoyam products. The feasibility of 
producing fried cocoyam chips and flour op a commercial Scale should be 
investigated.. •’*, ; g y 

—V. - . ■ • 

' " __ ' ' • ’ 

Selected Readings 

Abruna-Rodrigues, f\, E.fj. Boneta-Garcia, and J. Vicente-Chandler. 1967. Experiments 
oh tanier production with conservation in Puerto Rico’s mountain'.region. Journal of 
, Agriculture, University of Puerto Rico. 51(2): 167-75. (Available from The Agri¬ 
culture Experiment Station, Rio Piedras, Puerto Rico.) 

Coursey, I>. G. 1968. The edible aroids. World Crops: 20(4):25-30. ’ 

Coursey, D, G./and P. H. Haynes. 1970. Root crops and their potential as food in the 
tropics. World Crops. 22(4): 261. " ‘ J \ - 

de Albuquerque, Mi, and E. Pinheiro. 1970. Bqerosas Feculaptas. Serie: Fitotecnia. 
l(3):3-3-47. Institute de Pesquisas-e Exp.erimenfacao Agropecuarias do Norte.>(Now: 
Centro de Rec.ufbs Naturais de Amazonia, Belem, Para, Brazil.) • 

Irvine, F. D. 1969. Xarithosoma. In West African Agriculture 3rd Ed. Vol..2: West 
African Crops, pp. 177-9. Oxford University Press, London. 1 

Karikari, S. K. 1971. Cocoyam cultivation in Ghaifa. World-^Crops. 23(3): 11.8-22. 

Kay’ D. E. ’1.973. TPI Crop and Product Digest No. 2: Root Crops* Tropical Product 
Institute, London. (Available from: Publications Section, Tropical Products Institute', H 
56/62 Gray’s Inn Road, London WC1X 8LU, England. Price £1.50 plus postage.) 

Morton, J. F. 1972. Cocoyams {Xanthosoma caracu, X. atrovirens, and X.- nigrens ), j 
# ancient root and leaf vegetables gaining in economic importance. Proceedings of f 
Florida State Horticulture Society 85'. 85-94. ♦ j 

Praquin, J. Y., and H. C. Miche. 1971. Essai de conservation de taros et macabos auj 
Cameroun. Institut Recherche Agronomique Tropicales Rapport prelim No. 1. 
Dschang. Station, Cameroon. 7 ‘ , 
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Winters, H. F., and G. W. Miskimen. 1967. Vegetable Gardening in the Caribbean Area. 
AgricuIture Handbook No. 323. pp. 77-79. ~U.S. Department of Agriculture, 
Agriculture, Research Service, Washington, D:C., US A- - * 

Research Contacts and Germ Plasm Supply 

Agriculture,Experiment Station, Box H, Rio Piedras, Puerto Rico 00928 (H. Irizarry) 
Agriculture "Research and Education Center, University of'Florida, 18905 S.W. 280‘St., 
Homestead, Florida 3303Cf USA (R. B. Volin) , \ '\ ’ 

Department of Plant Pathology, University of Florida, Gainesville, Florida 3261 1, USA 
(F. W Zettler) ■ , ' ’ 1 • 

University of the West Indies, St. Augustine, Trinidad (J. A. Spence) / • 


TARO 


Thetarb* is widely grown; its tuberous roots are rich in starch and, like 
potatoes, can be boiled, baked, roasted, or fried in oil. However, only in 
Egypt, the Philippines, Hawaii, and certain other Pacific^ and Caribbean 
islands is .the taro a commercial crop. With increased' 7 'research and 
commeicialization in the rest of the tropics, taro, with its exceptional yields 
s and year-round production, could help oyercome food shortages. It has 
particular potential for marshy, waterlogged regions and for coastal and 
salinifiejd regions (because some cultivars are highly salt tolerant). 

Underground', taro usually has one central corm and 6-20 spherfcal cormels - 
around it. Both corm and cormels are eaten. They’are often used as rice 
' substitites in Pacific and Asian countries. From the flesh, which is usually 
mealy tjid has a delicate, nutty flavor, a flour similar to potato flour can be 
, produced for soups, biscuits,'bread, beverages, and puddings. Easily digested, 
taro strrch can be used in baby foods, hypoallergenic foods, and as a cereal 
substitute in diets for victims of celiac disease. In Hawaii, taro is made into * w ' 
poi —a paste made from boiled, mashed corms fermented a diy or so. It is also 
sliced and fried into taro chips. " 

Low in protein and fatf taro is essentially & carbohydrate food. 
Nutritionally it compares favorably with other roof crops—cassava, yams, 

: , ' ‘ : K ■ 7 ! :L 

*Colocasia esculenla (L.) Schott (sometiriles called Colocasia antiquprum.) Also khown 
as old cocoyam, dasheen, malanga, tania, tanier, tan yah, elephant ear."Family: Araceae. 





UNDEREXPLOITE'D TROPICAL PLANTS 


Taro corm surrounded by the edible tubers. The variety shown here is the dasheen. 
('U.-Sj*Department-of Agriculture) ^ 


Irish potato* Sweet potato—and with cereal"crops, especially rice. It is a good 
source of minerals: calcium, phosphorus, and vitamins A. and B. Taro leaves 
and petioles can be cooked and eaten like spinach. They provide protein, 
calcium, phosphorus, iron, potassium, and vitamins A, B, andC. 

Taros are adapted to flooded environments and, like riqe, can be grown in 
paddy culture/ Under paddy they are ,grown in all soil, types. They grow 
rapidly if fertility and water levels are'maintained; the corms mature 6-18 
months after planting. ■ / ’ . , , " 
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Taro can also be growri in dry, upland areas if water is provided by 
irrigation or by rainfall (mulching may be needed to maintain high soil 
mois-ture). Grown “dry” the be^i results are obtained on deep, well-drained, 
friable (particularly alluvial) loams. * 

The plant responds well to intensive agriculture: land preparation, 
planting, and harvesting can take place during all seasons. A field may often 
have taro plants in various stages of maturity, and the grower can also sell 
them year-round as they mature?. 

, After harvest the tubers carae stored for up to 3 months, depending on 
■ variety. 

In Hawah/taros have a high and profitable yield. In the island of Kauai, 
2.14 million kg of corms have been produced from only 69 ha. In 1969, the 
prices paid for raw’corms ranged from 17 to 20 cents/kg. From an average 
yield of 22,400 kg/ha the gross income per ha was/almost $4,000.'* 

/ Several taro types, characterized by numerous, symmetrical, smaller tubers- 
called dasheeq^, are grownhn dry-land agriculture. Although popular in China, 
Japan, and among Asians throughout the tropics, dasheens are dajgely 
neglected plants. With high yields,-high nutritive value, and superior keeping 
quality, they have great unrealized potential. Grown either rain fed or 
irrigated, dasheens mature more rapidly tharj paddy-grown taro—ap£l yield 
less. They grow best in loose, waiter-retentive, clay soils. Usually planted at 
the beginning of the rainy season, they dan* if carefully managed, be 
produced, year-round. Dasheen shoots are highly prized by the Japaheseand, 
if canned, they offer tropical countries a good export potential. ; ' / 


LIMITATIONS AND SPECIAL REQUIREMENTS 


Transporting taro root germ plasm throughout the world is dangerous. It can . 
spread phytopathogens, which severely decrease yield, ,to new areas,‘For 
example, the virus diseases and the taro leaf hopper, Tarophagus proserpina 
Kirkaldy, that transmits them, occur in New^ritain and the British Solomon 
‘Islands. Importing germ plasm.from thoseJslands must be"avoided at all costs. 

Taro growing requires intensive effopx. It*call's for manual labor and long. . 
hours of work in muddy,' flooded; fields'; consequently its production! is 
decreasing. • ' :/ u / ' ' ! /. 

With alT the variation available 7 it is essential to select the appropriate 
variety for the specific location. Fgr optimum results taros require hot r 
•humid conditions, with/dagy 7 avenge temperatures of 21-27°G. In more 
/temperate areas, or at high altitudes, there must be/iZ6-7 month frost-free, 
period. . V ! '■ w ,r . 

♦Plucknett and de la Pena. See Selected Readings. 
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Water control is absolutely necessary. Upland taros and dasheens require 
well-distributed, .year-round rainfall (or substitute irrigation) and. a dong 
growing season. . * 1 " 

If stored, conns must be kept dry and injury free. Dasheens can be stoned 
at 10°C .-for up to 6 months. In Egypt taros are stored at TC for more thari^V 
months aha time. Solomondslands taro cor ms cannot be stored; decay begins , 
within a week of harvest. - - . . ' • . 

. RESEARCH NEEDS * 

Phytopathogens such' as dasheen i^bs^ic^virus are widespread among taro. 
Removing the pathogens will give ai> immediate increase in yield. Repro¬ 
ducing taro by planting corms and cormels also .transmits the infection, but 
two avenues promise .to produce virus-free plants—tissue culture and" 
reproduction via.seeds. Taro tissue culture has been successfully accomplished 
in Hawaii and offers iJope for clearing cultivars of viruses, though taro will 
. flowed and set seed, there has never been a breeding program either for 
removing- pathogens or for genetic improvement. Once pathogen-free taro is 
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obtained, a certification program and strict quarantine will be required to 
maintain it. & \ . • ' 

In Hawaii) taro and dasheen varieties are well known,-and production 
techniques well ..developed. The U.S. organizations that' fund technical 
assistance should support efforts to distribute varieties and dissemiaate 
information aboyt taros and dasheens throughout the tropics. 

Taro production must be modernizedSsunechanization, crop management 
systems, and $eed control are the most critical needs. Mechanization in the 
paddy environment offers engineers a great challenge. Mechanical methods 
for planting taro are badly needed. Planting on ridges is a possibility (it also 
simplifies' water control and harvesting). Mechanical harvesting is even more 
challenging. Ultimately it may prove necessary to drain and dry the fields 
before-mechanical harvest. Adapting small, hand-propelled rice cultivators has 
brought some, progress in mechanization to Hawaii.* Upland taro mechaniza¬ 
tion is in its early ,stages, but it, can^be done (on a plantation scale) using 
modified tomato transplanters and potato diggers. 

Research on virus diseases of taro is critical. The virulent virus in -New 
Britain and the Solomon Islands, is under study (at Malaita; see-lResearch 
Contacts), but increased support and effort is essential to prevent its spread 
• to new areas. . . € ■."*" 

The pathogens responsible for decay of stored conns have been identified; 
research is needed on the use of fungicides and other methods to combat 
.them. - . 

The development Of processed tarp food products that could be bsed in 
hypoallergenic specialty foods would stimulate interest in The crop. , » , 

Basic botanic and agronomic knowledge of dasheens. is inadequate. Much 
more research is warranted. Collection and evaluation of dasheen varieties 
would be an important first step. Cultivars must be collected and conserved 
to prevent their loss. ' *' * 

Selected Readings 

Barrau, J. 1953. Taro (an annotated bibliography). South Pacific Commission Quarterly 
Bulletin. 3(4):31-2. . * > .t. ' v 

Gooding, M- J., and J. S. Campbell. 1961. The improvement of cultivation methods in 
dasheen and eddoe (Colocasia esculenta) growing in Trinidad. Proceedings of the 
American Horticultural Society, Caribbean-Region. 5:6-25^^ * • 

Green well, A. B. H. 1947. Taro-with special reference to its culture and use in Hawaii. 
Economic Botany . 1 (3):276-89. 

Hodge, W. H. 1954. 77ie Dasheen, a Tropical Root Crop for the South. U.S. Department 
of Agriculture Circular No. -950.H1S. Department of Agriculture, Washington, D.C., 

USA. ; - ' u V . 

♦Plucknett et al. 1970. See Selected Readings. r 1 
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Crops Abstracts. 23(4):413-26. - ^ ‘ : 

Plucknett, D. L., and R. S. de la. Pena. 1971. Taro production iij Hawaii. World Crops. 

23(5):244-9. - • 

Plucknett, D. L*., H. C. Ezuman, and R. S. de la Pena. Mechanization of taro culture 
in Hawaii. Proceedings, 3rd International Symposium on Tropical Root, and 
Tuber .Crops, Nigeria. (In Press) 

Tbjbe, Vi O., and T. G. Cadiz. 1967, Corm and root crops: taro or gabi. In: Vegetable' 

' Production in Southeast Asia. Eds., J. E. Knot and J. R. Deanon, Jr. pp. 2’93-300. 

-Los Banos University of the Philippines, College of Agriculture, Laguna, Philippines. 
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Hawaii Agricultural Experiment Station Bulletin 84. University of Hawaii, Honolulu, 
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Agricultural Research arid Edupation Center, University of Florida, 18905 SW 280 St., 
Homestead, Florida 33030,'USA (R. B. Volin) 

Coconut Industry Board, P.O. Box 204, Kingston 10, Jamaica, West Indies (A. J. D^?ek) 
Department of Plant Pathology, University of Florida, Gainesville,-Florida 32611, USA 
(F. W. Zettler). ' ... 7 

Dodo Creek Research Station, Ministry of Agriculture and Lands, Honiara, Solomon 
, Islands (G. V. H. Jackson and J. Roni) 

International Institute of Tropical Agriculture—PRONAM, B. P. 11635, Kinshasa 1, , 
Zaire (H. G. Ezumah) - ^ ^ r # 

Kauai Branch Station, Kapaa, Hawaii 96746, USA (R. S. de.la Pena)- 
Koronivia'Research Station, Nausori,*Fiji (P; Siva.n) 

Lyon Arboretum, University of HaWaiij Honolulu, Hawaii 96822, USA 
D. L..'Plucknett, Deputy Director, Board for International Food and Agriculture Devel¬ 
opment, AID, Washington, D.C. 205*23, USA 
University of the South Pacific, School of Agriculture, P.€. Box .890, Apia, Western 
Samoa (W. J. Cable) • ' * * 
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( IIAYA 


- □Laya,* a.fast-growing ornamental and shade shrub, is a scSurce of nutritious 
gmen leaves and shoots. It requires little maintenance (for exdrupl6, the soil 
around it does not need tilling) and. produces large amounts of greenery.for 
years. A few plants grown experimentally in Puerto Rico have outgrown and 
oitp'rbduc^d all other leafy vegetablegL^. • 

Thp attractive shrubs, 3-5 m. tall, kre often seen "as hedges in Mexico and 
Honduras. Native chaya *gr6ws in thickets- or, open" forest" (often in rocky 
"places) at .altitudes £ pp to 1,300 nji. There; are iwu fofms: Cnidoscolus 
dconitifolius is found in native dooryards from southern Mexico td Costa 
Rica; Cnidoscolus cljayamansa is grown as a hedge or dooryard plant in-the 
yucatah peninsrila of Mexico and in British Honduras. Cnidoscolus chay- 
; hmansa is occasidnall^ipawn in Florida and Cuba, but seems-not'to have 
..been disseminated to other regions. ' j 

I Chaya’s young shoots and tendeT leaves are cooked and eaten like spinach. 
jReportedly they are high in pro'te in, calcium, iron, carotene, thiamind, 
IriboflaVin, niaci n, an d a scorbic acid . They are probably suitable for canning 
—orffeezingTorToCaTand export markets, but thishasnotyetbe'en attempted. 

• So fa^ 'chaya appears free of the pests, and diseases that plague green 

Tgarden vegetable^.-in tropical climates, an important economic and ecologica. 
' advantage. However;, horn worms ejam. rapidly defoliate it (but the plant; 
! quickly recover their leaves). ^ ^ : ,~ 

{ Chaya- is propagated, from stem-.cuttings, and woody stem section: 
i germinate readily. Edible greenery is produced within 2 or 3 months. Because 
.of the softness of the' Vobd, the plaht is easily pruiied and maintained withii 
reacjiof the grotind. The plants toterate heavy rainfall and respond witl 

• luxurious growth. Drought is also tolerated, and plants recover well when th< 

rain returns. . " 


*Cnidoscolus chayamansa McVaugh and Cnidoscolus aconitifolius. Also known a$, tree 
spinach. Family: Euphorbiaceae. J ® 


45 ' 
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Freshly plucked chaya leaves Beferre being eaten they are boiled in wal&r and become 
tender, but chewy. (J. Morton) - * ' 

-v. . . ' ' " . ’ • ' ' ■ - ' : < 


The horticulture of chaya has never‘been studied. 

The’plants vary from smooth to hairy, and the hairy plants sting like 
nettles, so that harvesters must wear gloves. The£#tinging disappears with 
' cooking. Cultivated plants are almost free of stinging hairs; it is likely that 
this is the result of long years of selection by the harvesters. 

Chaya must be cooked before fating: the fresh leaves contain toxic 
' hydrocyanic glycosides, but cooking inactivates them. - 


LIMITATIONS AND SPECIAL REQUIREMENTS 
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Chaya grows prodigiously and can reach ; a height - of more than six feet. This single plant 
Ts-just three years old. (F. Martift),, ' . ' ' 1 • 


RESEARCH NEEDS 


Experimental plantings of cuttings of Cnidoscolus dhayamansa (the lesahair^h 
of the two species) should be established, and those plants selected that have 
a minimum of hair-s and contain a,minimumhydrocyanic glycosides. 

Bioassays should be undertaken to verify the apparent wholesohieness of 
this^vegetable^special attention should be paid to the toxins. " - ' 

Trial plantings should be made-to determine yield per hectare, labor 
requirements, and other factors bearing on the feasibility pf commercial 
production. ; - \ """‘■"x 

investigations should be made into the potential fg^^^gro'cessing and 
marketing the product-fresh, canned, or quick-frozen.. 

" Guttings should be distributed jor testing in tropical areas outside"!^ 
native home: , ‘ ’ ' 
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Selected Readings 


Berlin, B., D. E. Breedlove, and P. H. Raven. 1974. Principles of Tz el tat Plant 
Classification. Academic Press, New York and London. .. 

McVaugh, R. 1944 . The genus Cnidoscolus : generic Tina its and intrageneric groups. 

Bulletin Torrey Botanical Club. 71^:457-74. * - 

MunsedL H. E. et af 1949. Composition of food plants oLC£httM America. I-Honduras. 

* Food Research J 141(2): 144-64. j' 

S6uza-Novelo T . N, 1950. Plantas Alimenticias v Plantds ' Condimento que. Viven en 

Yucatan. Insti,luto Ueciiico Agricola Henequenero, Merida, Mexico, pp. i 014! 

Standley, P. C.,/and ff. A. Steyefmark. 1949. Flora of Guatemala. Fieldiana 'Botany. 
24(6):59-60. Field Museum of Natural History, Chj'cago, Illinois, USA. £ r 

Research Conticts And Germ Plasm Supply % 

Colegio de Po^tgraduados, Escuela Nacional de Agripultura, Chapingo Texcoco, Mexico 

• (E. Hernandez XX ^ 

Jefe de Campo Uxmal, Centro de Investigaciones Aj^ricolas de la/Peninsula de Yucatan, " 

.Calle 31-A, No. 144, Col. Nueva Aleman, Merida' Yuiatan, Mexico (P. Villanueva P.) 
Mayagiiez Institute of Tropical Agriculture, Mayagiiez, Puerto RiCo 00708 
Oficina de Asesoria Tecnjica, Edificiq. “Centroamericana,” 7 A,, Avenida 7-78, Zona 4, 
Oficina £05, Guatemmk, Guatemala, Central America (J. Colina Campollo) 


HEARTS OF PALM 


There is an increasing market throughout the world for expensive, exotic, 
foods; an example is the grgwing demand for^palm. hearts.* A tropical 
delicacy, palm hear 4 are the growing tips of p^n^tf^es. Reminiscent of 
■ artichoke hearts, the jqmay be added to salads, sefyed^^s^egetable, or used 
to enhance the flav Dr of other vegetates. Although the cfemand^/or r>alm 
hearts is larger than the supply, little awareness fyt their commerjyais^tSitial 
exists outside Brazil and Costa Rica. :r ' 

World consumption increases daily. Brazil’s abundance of wild palm^Jras 
long been utilized, but rising ^demand is threatening their exffpction: to 
^ obtain the heart, the tree must be killed. •*..,! v 6 

^^Ciiitivation of palm trees, for palm hearts is long overdue, pultivation 
offers ^prgctical (way to circumvent forest destruction and to preserve 
existing stands. Risinglabor costs and the increasing difficulty of harvesting 


*Also known as palm cabbage and paTfnitos. 




iMany palms can be used as a source'of hearts of palm. This is Euterpe edulis , which, in 
Brazil," is widely harvested for this purpose. The* “heart” is inside the smooth portion of 
the stem, visible here between the fruit clusters and the leaves. (W. H. Hodge) 

the thinning wild stands provide economic incentives,for plantation culture. 
Ih Brazil, replanting 1 is 'already mandatory, jand. cultivation' is being 
ejncouraged: , A 

j The palm heart is a cylindrical bundle of leaf bases. The heart may. be 
several inches in diameter and several feet long. Its - composition and food 
value is'similar .to that of cabbage {Brassica). 

i The possibilities of establishing palm hearts as a plantation crop are good. 
Fast growing palms, well suitecl. for this purpose, are recognized, and other 
potential spepies are abundant. A few, such as pejibaye {Guilietfna gasipaes-, 
see page 73), produce several stems emerging from a common root cluster, so 
that only one stem, not a whole plant, is sacrificed to harvest the heart. 

sin the past, palm hearts have'been harvested entirely from wild specimens 
ofj Euterpe , Prestoea, Guilielma ., Roystonea, Sabal, Acrocomia , and other 
palms in tropical America and the West Indies. Brazil is the principal supplier 
of canned palm hearts Jor the North American market. Brazilian ^assai 
palms ( Euterpe edulis Mart.), hoth wild and cultivated, have been a source of 
palm hearfs Since the mid-1960s. In the past few years in Costa Rica,vpejibaye 









The heart of a palm. (R. W. Read). 


palm has been set out in plantations for the production of palm hearts. •Wh.en 
the seedlings are 3 l A years old, the hearts are harvested and cannld.: It is 
reported that other potential commercial palms are Sabal spp., Euterpe 
oleracea Mart., Caryota spp., and the coconut palm Cocos nucifera L. V 
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Canned hearts^of palm are widely exported. (W. H. Hodge) 


Euterpe and pejibaye are. common in humid tropical forests of South 
America. Euterpe also grows in the West Indies, while coconut thrives on 
tropical coasts and neighboring inland regions of the northern and southern 
-hemispheres. Caryotd spp. -are common in forests at low and medium eleva¬ 
tions in the Philippines and throughout Southeast Asia. Other genera known 
for the wholesomeness and payability of their hearts are Astrocaryum, 
Gemnoma, Hyo spathe, Iriartea, Prestoes, Socrates, and"' WelficL 


LIMITATIONS AND SPECIAL REQUIREMENTS * 

Not all species of palms have edible hearts. Some are bittef^r^ough, and 
some may actually be toxic (for example, the heart of Orania Species), Some 
hearts are very difficult to remove. Coconut palms are subject to serious 
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diseases (such as lethal yellowing), and it is not known what effect such 
diseases would have on the duality^of the terminal bud at the time of harvest., 


RESEARCH NEEDS Jj ‘ 

Thle first requirement is to collect as many promising species as possible in 
order to select palms appropriate for use as a palm heart plantation crop. 
Trial plantings should be made to deteritiine if any can surpass the current 
commercial palm heart sources. - . 

f Studies of the botanical, agronomic, and economic aspects of palms as raw 
material for palm hearts are essential. Surveys should be made of existing 
palm heart plantktions to note the present procedures and possibilities for 
improvement. Research is needed to clarify the details of productivity, labor 
requirements, and'economic return to grower and processor. 


Selected Readings * v 

Camacho, E., and I. Soria V. 1970. Palmito de pejibaye. Proceedings Tropical Regional 
American Society of Horticulture Science. 14:122-32. A 

Hodge, W. H. 1965. Palm cabbage. Principes. 9(4): 124y31 ; , 

Leao, Marilene, and M. Chrdoso. 1974. Inst ruches para a Cultura do Palrriiteirp (Euterpe 
edulis). Superintendencia do Desenvolvimento do Litoral Paulista, Institute Agro- 
nomico de Campinas, Sao Paulo, Brazil. 

See additional references on pages 76-77. 


Research Contacts and Germ Plasm/Supply 



Bailey Hortorium, Cornell University, Ithaca, NeW.York 14853, USA (H. E. Moore) 
Department of Botany, Smithsonian Institution, Washington, D.C, 20560, USA (R. W. 

^ead) . 0 

Director, Botanical Survey of India, P.O.-Botanic Garden, Howrah, 711 103 India 
He^brio Barbosa Rodrigues, Aven. Marcos Konder 800, 88300 Itajai, Santa Catarina, 
Brazil ’’ 

Jardin Botanicb $el Valle, Apartado aereo 5660, Cali, Colombia (V. W. Patino, Director) 
Las Cruces Tropical Botanical Garden, San Vito de Java, Costa Rica, C.A. (R. G. Wilson) 
Library aiid Terminal Services, Centro Interamericanoe-de Documentacion e Informacion 
Agricola, Turrialba, Costa Rica 
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WAX GOURD 


Grown throughout the Asian tropics, the wax gourd* is little known 
elsewhere. Its melon-like fruit has a thick flesh that-is white, crisp, and juicy. 
An outstanding feature is its resistance to spoilage. Preserved from attack of 
J ’ microorganisms by its waxy coating, the fruit can be stored without 
' refrigeration for as long as a year. The plaiits are prolific, rapid growers (over 
a 4-day period one shoot grew an average of 2.3 cm every 3 hourst). Three 
or four crops can be produced each year. The wax gourd is now grown mainly 
as a household crop, but the market could be greatly expanded. It has 
important potential as a new vegetable for large areas of Latin America and 
Africa. ‘ 

» The fruit can be* donsumed during various sfages of maturity. The 

mild-flavored, easily digested flesh may be-used as a cucumber substitute, a 
cooked vegetable, or food extender. The Chinesemse it in soup. In India and 

Cuba, a popular sweet is m ade by cooking the pulp in syrup. _ 

The fruit coh^a^is 96 percent water' 0.4 percent protein, 0.1 percent fat, 
3.2 percent carbohydrate, and 0.3 percent mineral matter. There are two 
distinct types: round and'elongated, flaky when young, they grow to 
v iipmense proportions. They may measure as much as 2 m longhand 1 m in 
diameter, and weigh up to 35 kg. The thin, tough skin is coated with white, 
chalky wax. (Some varieties have minute hairs even when mature.) The pulp 
has many flat,, oval, light-br'owrf seeds up to 2.5 cm long, which can be fried 
and eaten (like pumpkin seeds). They also yield, a pale yellow oil, which has 


not been studied. * * 

Young leaves, flower buds, and vine tips are boiled'andeaten as greens. 

"The plant, &n.^ annual, creeping vine, resembles a pumpkin vine. It is 
reportedly easier To grow than any other cucurbit (pumpkin, squash, melon, 
etc.). Usually planted on mounds or ridges, the fruit is harvested inTess than 5 
months;, in Sri Lanka, seeds sown in the rainy season produce wax gourds in 2 
months. The plants can be grown on a Trellis, but since the heavy, succulent 
fruit needs strong supports, the plants are sometimes grown over roofs and 


trees. In China the seed is planted on the banks of village ponds, and the 


plants grow over a bamboo framework erected over water. This method 


provides Abundant water for the plant, and the framework over the water 
permits the land to be used for otfier purposes. ’ * 


*Benincasa hispida (Thumb.) Cogn. (B. cerifera „Savi.). Also known as white gourd, 
ash-gourd, and petha. Family: Cucurbitaceae. 
fHerklots, G. A. C. 1972. See Selected Readings. 
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The wax gourd is relatively drought tolerant.-In India, the furrows are 
flooded at weekly intervals during the dry season, but not during the rainy 
season .unless-there has been- no precipitation for 10 or 12 days. / 

The seeds remain viable for 10 years and germinate in 1 or 2 weeks. Pest 
and disease problems are minimal. Young fruit is protected by its/hairy cover, 
mat urin g f r uit by its waxy coat.' __. _ / 

LIMITATIONS AND SPECIAL REQUIREMENTS / 

The wax'gourd is an ideal food for those with excess weight or digestive 
problems. Its only handicap is its.mild taste. Those accustorhed to richer fare 
may not like it without the addition of seasonings or other vegetables or 
fruits of strong flavor. It is similar in flavor and texture to the chayote 
(Sechium edule). 

*. Wax gourds grow best in mediUm-dry lowlands. They do not grow well in 
high-rainfall areas. , , 


RESEARCH NEEDS 


,Minimal research is needed to extend the use of wax gourds. The primary 
..need is to acquaint farmers and consumers with its possibilities. v 
®-'£%iod technology studies to develop its market potential could help its 
f introduction to new areas. v ' m 

Commercial seed sources aie needed. 


Selected Readings 

' 

Agnibotri, B. N. 1948. Petha-its cultivation and economic uses. I & II Indian Food 
' Packer. 2(2):9-10; and 2(12):17-18. •' f 

Herklots, G. A. C. 1972. Vegetables in South-East Asia, Uafner Press, MacmhiLan 
Publishing Co., Inc., New York. ) 

Morton, $1 F. 1971. The wax: gourd-a year-round Florida vegetable with ^udsual 
keeping quality. Proceedings of Florida State Horticulture Society. 84:104-9. 
Srivastava, V. K„ and S. C. P. Sachan. 1969'. Grow ash-gouxd the- efficient way, Indian 
Horticulture. 14 (1) :13-^ 

• f 

Research Contacts and Germ Plasm Supply 

Tropi-Pak, 3664 N.W. 48th St., Miami, Florida 33142, USA (D. Mhrasaki) 

E. R. Witt, 1037 Brock St., Corpus Christi, Texas 78412, USA 
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WINGED BEAN. . _ ' ; x , • ; ' ■' 

^ ’ ’ - \. s 

The winged bean*f is a tropical legume with a multitude of exceptionally 
large nitrogen-fixing nodules. If produces seeds, pods, and leaves (all edible by 
humans or livestock) with unusually high protein levels; tuberous roots with 
exceptional amounts of protein; and an edible seed oil. " - 

The winged bean has important potential for small-scale farmers. Tt is a 
fast-growing perennial that is particularly valuable because it grows in the wet 
tropics where protein deficiency in human diets is not onlyV eat but difficult 
to remedy. Winged bean seeds rjval soybeans in oil and protein content, and 
the plant has the added advantages of protein-rich roots and edible foliage; 

Though relativefy unknown, this multipurpose legume appears to meet 
many dietary needs of the tropics. It is grown in quantity only in Papua New 
Guinea and Southeast Asia. 

A twining vine, it grows’to‘ over 3 m when supported. The pods have four 
longitudinal jagged “wings” and they contain up to 20 seeds, each ^weighing 
• about 3 gm. The smooth, .shiny seeds may be white, brown, black or mottled. 
The rpots are numerous: they grow horizontally at shallow depth and become 
thick and tuberous about 2 months after planting. Excellent nodulation 
without need for inoculation, has occurred wherever" the crqp is grown, even, 
on "sites cleared from virgin forest. Individual winged bean plants may carry 
over 600 nodules, and the fresh weight of the large nodules can reach 0.85 
tons/ha.t 

Neither pests iior disease appear to he a serious threat. Nor do soil 
requirements appear to be demandings Winged bean crops have always been 
grown in regions having fairly heavy rainfall. The lower limit has not been 
established/The plant thrives in regions with an annual.rainfall of 250 cm or 
more. ‘ . 

The winged bean is cultivated largely for its young, tender pods, which are 
sliced and cooked, much like green beans. 'Pods are picked beginning 10 
weeks after sowing, and the plant continues-to bear pods indefinitely; The 
young leaves and shoots may also be eaten as ajeafy vegetable. . 

Unripe seeds can be used in soups. Ripe seeds are roasted and eaten like 
peanuts. The nutritive value of the .ripe, dry seeds is very close to that of 

-to J ■ u 

• > - . - - - . \ 

*. Psopho carpus tetragonolobus (L.) DC. Also known as four-angled bean, Goa bean, 
asparagus pea. Family: Leguminosae. 1 

fThe exceptional promise of this plant is detailed in a companion publication, The 
Winged Bean: -A High Protein Crop, for the Tropics , available without charge. To order 
see page 188. . ' 

:£Masefield. 1961. See Selected Readings. 
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In Papua New Guinea winged beans are grown-on stakes for pods'and seeds (back¬ 
ground) and' grown unstaked for tubers arid as a ground cover (foreground). The, 
plant grows vigorously, forming dense masses of vegetation. Prostrate plants seldom* 
flower v but staked plants flower and bear copious fruit. (N'. D. Vjetmeyer) / 

soybeans (34 percent .protein and 18 percent oil*). The protein is high in 1 
lysine—8 percent of the total amino-acid content (without tryptophan). More 
titan 60 percent of the fatty acids in the oil are unsaturated. The seeds are 
rich in toco'pherol, an antioxidant that increases vitamin A use in the human 
bd'dy (vitamin A deficiency is’common in "many tropical regions). 

The winged bean may have high yield potentfei^Yields of about 2.5 tons of 
seed/ha have been 1 reported.t IT*this is confirmed as a fair average the winged 
bean will be among the top-yielding tropical grain legumes. 
v The immature tuberous roots are eaten like potatoes. They are .reported to 
contain over 20 percent protein (dry weight basis); An ediblb tropical root 
crop with, such high protein content could be of immense help in reducing 
protein malnutrition, particularly since winged beans grow well in the regions 
where inhabitants iairead/live'on low protein-root crops such as cassava. 

Perhaps after harvesting the crop-for pods; seeds, or roots, the haulm can • 
be fetkto animals. It is reportedly.palatable to livestock4 Like all other parts 
of the winged beah, the foliage has a .remarkably high protein content, 

' i, 

• • • ‘/ a ■ ^ _ ■ 

LIMITATIONS AND SPECIAL REQUIREMENTS ; 

Winged bean varieties now cultivate.^ for pods and seeds must- be grown, on, 

. stakes. This—and the fact thafall pods do not ripen simultaneously—restricts 

♦Pospisileffl/1971. See Selected Readings. 





Small charcoal-blackened winged bean tubers cooked injiot ashes by highland tribesmen 
in Papua New Guinea. The tubers contain ten or twenty times the protein of other root 
crops. (N. D. Vietifieyer) 
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their-use to the small (or village) farmer. The winged bean cannot yet be 
considered for mass commercial planting. c ' |' V 5 

Because of antinutrition “factors, mature winged bean seeds must first be 
cooked before they can be used for human consumption. *(This phenomenon 
is common to several other leguminous seeds, including soybeans. Immature 
seeds can be eaten raw without ill effects. \ , . 

The climatic requirements, of the winged bean have mot been studied in 

depth. / . .‘ ~..-- V..-.-____ 


RESEARCH NEEDS 


A detailed analysis* of winged'bean-’research needs appears in \tlie % comp anion 
report: The WingSfi.Bean: A Nigh-Protein Crop for the Tropics, (See page 
187 . . " : ; • .| 7 

Because seed sources are scarce, the varietal composition is virtually 
unknown. It will be necessary to collect several varieties' especially in 
Southeast Asia; to propagate'them; and to run comparative trials (with seed 
from various sourc'es) in the‘wet tropics of Africa, Latin America, and Asia. 

The chief obstacle to the further investigation of the crop is the difficulty 
in obtaining seed. There is little available because there has never been a need 
for it in quantity. Seed supplies must be increased before "large-scale 
experiments :can be undertaken. The best seed available must ,t& used; a 
random selection maty lead to unjustifiably poor results. 

. Variations in pod length and"' number of seeds per pod should be 
considered when seeking high-yielding varieties. There ip ay also be genetic 
'variation in root yield, or in foliage yield and Composition. Only comparative 
trials can provide definitive answers, " 

The phenology of different varieties should be studied for use in breeding 
programs aimed at producing high-yielding types with unifofm time of 
flowering and seed maturation.. - ' **-■* . 

Research is-needed'to find agronomic practices, climatic conditions, and 
soil conditions that give optimum yields. \ 

The relative yield of pods and-seeds from supported and unsupported 
plants should be explored./ It would-be useful to investigate the possibility of 
- harvesting first a seed crop and then a root crop, maintaining reasonable 
>yieldf| 6 r both . 1 ■ \ 

' Tfre winged bean’s ability to enhance soil fertility for subsequent-crops is 
worth detailed examination. It would also be beneficial to determine its use 
as a forage. I : ... A • A / 


*CreVost and Lemarie. 1921. See Selected Readings. 
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/Possible toxicants and antmutrition factors in the'mature seeds need 
analysis and detailed study. Research should also include an amino acid assay 
and an investigation into the "overall nutritional value of the roots. 

Other major research needs include: , - , 

® Determining digestibility pf protein at different stages of development 
of leaves, stems, pods, etc.; - 

* Investigating seed,physiology and'the germination and storage of seeds; 
e Developing ways to prepare the dry beans and roots; and 
® Studying the plant’s palatability and value for livestock. ^ - ; 

Selected Readings : 

Hymowitz, R.; and J. Boyd. 1977. Origin, ethnobotany and agricultural potential pi the* 
winged bea n—Psophocarpus tetragonolobus. Economic Bptanv. 31:1 BO-8. 

Khan, T. N„ J. C. Bohn, and R. A. Stevenson. 1977. Winged Beans: Cultivation in. Papua : 
. New guinea. World Crops. 29(5): 208-14. ' 

Masefield, G. B. 1973. Psbphocarpus tetragonolgbiis a crop with a future? Field Crop 
Abstracts. 26(4): 157-60.' v ' >- 

National Academy of Sciences. 19-75* The Winged Bean: A High Protein Crop for the 
Tropics. National Academy-;of Sciences, Washington, D.C. 43 pp. 

Pospisil, FT, S. K. Karikari, and E* Bbamah-Mensah. 19.71. Investigations of winged bean 
in Ghana. World Crops. 23:260-4. ' * ‘ 


Winged beans are commonly seen iri vegetable markets in Thailand. They are widely used 
in soups, chow mein, and other traditional dishes. (N. D. Vietmeyer) 







VEGETABLES 


61 


Purseglove, J. W. 1968. Tropical Crops: Dicotyledons. Vol. 1,-John Wiley, New York. 

The Winged Bean Fly erf Jl 'newjjlettei devoted solely to this plant, and the progress of re¬ 
search oh it, 0 is-available frorrTProf. Russ Stephenson, Department-of Agriculture^ 
University of Papua New Guinea, University, Papua New Guinea. 


* Research Contacts and Germ Plasm Supply 


Agricultural Research Station, University of Ghana, P.O.. -Box 43,/Kade ; Ghaftr (Sf K. 

■Karikari) t [ 

Centro Internacional de Agricultura Tropical, Apartado aereo 67-J3,. Cali, Colombia 
(K. 0. Rachie) f 1 ’ 

Department of Agriculture, South Perth 615 1, Australia (T.N. Khan)j - \ 

Department of Agriculture, University of Papua Neiv Guinea, P.0. University, Papua 
Vlslew Guinea (R. Stephenson^ *• 

Mayagiiez Institute of Tropical Agriculture, Mayagiiez^ Puerto Rico 00768 (F. Margin) 
National Academy of Sciences, 2101 Constitution Ave., Washington, D.C. 20418,'USA 
' (N. D. Vietmeyer) 

"Special Programs, The Asia Foundation,yP.O. Box 5223, San Francisco, California 91319,. 
USA (L. Lazaroff, Director) / 

University of Florida, Agriculture and Research Station, 18905 S.W. 280 Street, Home¬ 
stead, Florida 33031, USA (A. A. Duncan) ... 

An updated list of research contacts can be found in the Winged Bean Flyer, see Selected 
Readings. / 0 
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. Although the durian* is\ grown only«in Malaysia, Indonesia, southern 
Thailand, and the Philippines, it -i? ( one. of ■ the best known and most 
controversial Of all fruits. Though there are many places in the West Indies,. 
tropical America, Africa, and Oceania where it should grow well, the durian is A 
important only to Southeast Asia.' It has received no research attention and 
today our knowledge of durian is virtually the same as when, in the 15th 
century, it was first"observed by Europeans. • 

- Though Malays and other people in the Far East axe very partial to,it, the 
fruit has met with a mixed reception from Europeans. Many are repelled by 
its strong, disagreeable odor, but-others quickly become extremely fond of it. 
the taste, difficult to describe, is sweet, arorrjatic, and persistent. The odor 
has been referred to as “a mixture of old cheese and onions flavored with 
turpentine” or as “custard passed through a sewer.” But durian enthusiasts 
are not bothered by the odor; the 19th-century British naturalist, Alfred 
Russel Wallace, considered that “if was Worth a journey to the East, if only to . 
taste of its fruit- 

The huge fruit vary from spherical to oval andmay grow as large as 30 cm 
long.and 15 cm in .diameter and weigh up to.20 kg each. Their hard, thfck 
skins “are covered with sharp prickles. The interior is divided into five cells, 
each containing ,up .to four seeds enveloped in a firm, cream-colored pulp. 
Nutritionally, the fruit is an important source of carbohydrate, fat, and 
vitamins, and contains'$ome protein. 

Durian can be prepared in various ways. The ripe, pulp is commonly eaten 
fresh, or it can be preserved for use in ice cream, candy, or other sweets. The 

*Durio zibethinus Mutt. and related species. Family: Bomba&eeae. 

JHe also described it as “a rich*butter-like custard highly, flavoured with almonds, but.* 
intermingled' with it come wafts', of flavour that call to,mind cream-cheese, onion 
sauce, brown-sherry, and other incongruities. Then there is a rich glutinous smoothness 
in the pulp which nothing else possesses, but which adds to its 'delicacy. It is neither 
acid nor sweet, nor juicy, yet one feels the want, of none ofjhese qualities for it 
is perfect,as-it'is.” r ' ... 

■ • 63 ^ - Vf' ; . ■ " , ' 
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pulp of unripe fruit may be used^as-a vegetable. When cooked the seed is also - 
edible. 

Wild animals,'" particularly elephants, tigers, and monkeys, are very 
attracted to the fruit. Harvesters build shelters beneath wild durian trees so 
they can get to the fruit before the animals. v • 

There, are at least five species of durian, but only one is well known: Tfig. 
others, all potentially important specie's, are, virtually unknown, even in 
Malaysia. Several have edible fruits said to taste as good as (or better than) 
the common durian.-The species are: . 

’ • Durio zibethinus Murrs. (thVcommon ^durian) Distribution: Widespread 
, throughout Southeast Asia. Haphazardly cultivated or semiwild. 

© Durio kutejensis Becc. Distribution: Borneo (Kalimantan, Sarawak, and 
Sabah). Slightly cultivated, hut mainly wild. 

' ® Durio bxleyanus. Griff. Distribution: South Sumatra and Borneo. Little 
known even locally; exclusively a wild plant. v ~ * j. * 

• tfj Durio graveolens Becc.- Distribution: East Borneo.^Rare wild ancLeven 

rarer cultivated. . *'• . . 'r' “ 

• Durio dulcis., Becc. Distribution: Borneo. Only in the wild. 

Odor varies greatly among the five species. Some have only a slightyDdor; 
Durio graveolens produces odorless fruit. One variety of Durio kutejetisis has 
a mild, inoffensive odor. " • * ' ’’ " ’ 

Durio kutejensis may offer better fruit quality than the common durian 
because its flexible soft spines make it easier to handle. 

All five species are medium^sized of large trees, 20-40 m tall ^Usually 
propagated" fi/om seeds, they* grow. vigorou.slyXlhey are planted in humid 
lowland areai below 800 m elevation. Improved varieties can be easily 
reproduced by budding them onto 1-year-old rootstocks the same species. 

Durian trees are productive and, even with little care, prdvidejmportant 
. revenue for villagers and farmers. i . 


LIMITATIONS AND SPECIAL REQUIREMENTS 

As mentioned, the strong odor is offensive to many people. It is attributed to 
indole derivatives. 

There has been little attempt to organize durian marketing; quality 
control, harvesting, etc. . •> 

The trees are slow to produce and only begin bearing after 7 years. Each 
fruit takes.3 months to develop .and is not fully ripe'until it drops from the 
'tree. Falling fruit is a hazard for- gatherers. 


Durian fruits.' (E, S. Ayensu) 
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' The custard-like pulp must be eaten shortly after'harvest because it 
quickly turhs rancid and sour. Singe fruit is not easily transported, only local 
distribution of fresh fruit can be considered at present. 

The seeds quickly lose their Viability, whichmakes.it difficult to introduce 
the species to other regions. A few durian trees have been introduced to 
Honduras, however, and the fruits are much sought after (apparently the odor 
was not an insurmountable obstacle); 

' Since durian trees in Southeast' Asia neither receive nor require much 
attention nothing is known about the best methods for pruning, irrigation, 
pest control, etc. h 

The tree does not thrive where there is a distinct dry season. 


RESEARCH NEEDS * \ * r i 

■ , -■ ' v-->\ . ___ & ■ ' - ^ / 

Durian horticulture, breeding,, and selection are needed. Durians have many 
varieties that offer great possibilities for improvement* but^detailed analysis is 
still lacking. Agronomic research is needed to select elite strains from each 
species, improve horticultural practices, and introduce .durialis to new tropical 
regions. ' . . 7 • . ■ > 

Food .technology research is needed, particularly for preserving, trans¬ 
porting, and processing the fruit or flesh. 

Selected Readings • 

iDchse, J. J. et air 1961. Tropical and Subtropical Agriculture. The Macmillan Company, 
Collier-Macmillan Ltd., London. . ■ 

Popenoe, W. 1920,‘Manual of Tropical and Subtropical Pruitt The Macmillan Company, 
New York. ■ h ' . / 

Soegeng Reksodihardjo, W. 1962. The species, of 1£)[frio - with edible fruits. Economic 
Botany . 16(4):270-82. C ' 

Stanton, W. R: 1966. The chemical composition of some tropical food plants: VI. 

Durian. Tropical Science. 8(1): 6-10. / 0 r . 

Valmayor, R. V., R. E. Coronel,- and D. A. Rarnirez. 1965. Studies on floral biology, 
fruit set and fruit development in durian. Philippines Agriculture. 48(8-9): 355-66. 
Wyatt-Smith, J. 1953. Materials for a revision of Malayan Durio with notesbn Bornean 
species n Kew Bulletin. 4:5T3-34. ^ 


Research Contacts and Gerrh Plasm Supply \ 

Kebun Raya Bogor, Indonesia Q. Sastrapradja) *• 

,W. Soegeng Reksodihardjo, Pioneer Agricultura Ltda., Caixa Postal 131, 86100 Londrina 
(P.R.), Brazil ; v 

University Herbarium, School of Biological Sciences, University of Malaya, Kuala Luippur, 
Malaysia (B. C. Stone) ' ^ 
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l^ANGO STEEN 


/Oftem described as one of the; world’s best-flavored fruit, the mangosteen* |s 
highly-esteerned in Southeast Asia. In other tropical areas this fruit is known 
only in botanicahgardens and sihall experimental orchards. Curiously, it is 
unavailable in what could beats major markets: Central Amerrfca, South. 
America, Australia, and Africa, where it would be readily accepted if it could 
be economically produced. It also has great potential for export to North 
America, Europe, and the Middle East. 

'Iviangosteen culture has beeh attempted in many humid, lowland tropical 
. areas. However^ because of horticultural difficulties no widespread com¬ 
mercial production has been successful—even in the Far East where the fruit, 
which commands high prices, is picked from uncultivated, wild' trees. 
Extending its use offers a formidable research challenge. 

The mangosteen 5 grows in high rainfall areas-over 2,500 mm per 
year—wher-e, because of the high humidity, few commercial crops Can be . 
economically cultivated. 

The fruit—the size of a tennis ball-contains a segmented, white (almost 
translucent) pulp that is protected by a purple shell 6 mm thick. The pulp is 
sweet, subacid, and agreeably flavored. Of all- the exotic tropical fruits the 
^mangosteen. is perhaps tire one most readily accepted by western palates. 

The tree is a. slow-growing evergreen with large, darj*: green leaves. It thrives 
best in warm, humid, rainy climates with few seasonal variations in rainfall 
and temperature. But mangosteen trees have been grown successfully under 
, dry conditions with irrigation.-Temperatures between 20° and 3Q°C are ideal, 
especially if they are not subject -to sudden changes—cool spells (4°C) can be 
fatal to young trees.’The trees rarely grow over 10 m in height. ’ 

Deep,’ fertile, well-drained, slightly acid soils are needed to grow the best 
trees and to produce the heaviest yields. Under such conditions, yields of 
200-800 fruits per tree have been obtained in good years. They are harvested 
at maturity und must be handled carefully tb prevent damage. The tough, 
thick rinds should enable the fruit to be shipped and .marketed. If 
refrigerated, the fruit can be stored for several weeks. , ^ 


LIMITATIONS AND SPECIAL REQUIREMENTS 

Though the mangosteen has long been regarded as haying gjeat potential if its 
horticultural lintitations could be eliminated, it has‘ receivedt 'very little 
research attention from trained horticulturists. Consequently, today there are 

*Garcinia mangostana L. Family: Guttiferae. 
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Mangosteen fruit. (U. S, Department of Agriculture) 


no improved varieties.. that 'sustain'., high 1 production and that*; "have good 
'commercial • characteristics.* The horticultural limitations are due to the 
following factors: . / 

® Mangosteen seeds reproduce the characters only of the mother plant; 
thgre is no genetic variation produced. This makes /the production of superior 
types difficult: >/ * 

® Growers hesitate to plant mangosteen orchards because of the delay 
before their investment brings return: seedlings/ take as long as 15 years to 
produce a profitable crop. / 

* ']• No reliable method has been found/for propagating the plants 
vegetatively. / 

••• It is difficult to establish the plant in Environments other than those 
identical to its natural habitat. / ; > 

v • Mangosteen plants tend to bear only in/alternate years. 

RESEARCH NEEDS / 

To | stimulate mangosteen, production/ and make ’it commercially viable, 
considerable research should be directed toward solving its basic horticultural 
problems. • j ' : - ' 

Research is needed to discover ways of shortening#the time the plants take 
to mature. There is particular need to develop better vegetative propagation 
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methods (for example, to. find rootstocks, suitable for grafting). Mangosteen 
appears to be graft-compatable with other species of Qarcinia. • 

\ i ^ 

Selected Readings r 

Almey&a, N., and F. W. Martin. 1976. Cultivation of Neglected Tropical Fruits with 
Promise: Part 1. The Mangosteen, Agricultural Research Service, U.S. Department of 
Agriculture. [Order No. ARS-S-155 ] v . ’ 

Hume.-^E. P. 1950. Difficulties in mangosteen culture. Malayan Agriculture Journal. 

33(2): 104-7. ; ’ t J... " , 

Krishnamurthi, S., and V. N. Madhava Rao. 1965. Themvangosteen, its introduction and 
establishment in peninsular India. In Advances in Agricultural Science,_ pp. 401-20. 
Agricultural College and Research Institute, Coimbatore, India. 

Ochse, J. -J. et dl. 196L; Tropical and Subtropical Agriculture. The Macmillan Company, 
Collier-Macmillan Ltd., London,,England. ‘ 

Pynaert, E. 1954. Le Mangoustanier. Tract no 37. Publication de la Direction de P Agri¬ 
culture des Foret?et de l’EIevage* Brussels', Belgium. 


Research Contacts and Germ Plasm Supply 

v AgriculturalCollegti and Research Institute, Coimbatore, India 
Botanic Gardens, Kebun Raya, Bogor, Indonesia (S. Idris) 

Department of Agriculture', Bangkok, Thailand 

Mayagiiez Institute of Tropical Agriculture* Mayaguez, Puerto Rico 00708 


NARANJILLA V j 

Naranjilla,* “the golden fruit of the Andes,” has great potential for the 
future, though at present it is little known outside its native home, Colombia 
and Ecuador ~An excellent dessert fruit, it is also used to flavor confections, 
jelly, jam, and other preserves. « 

’'Freshly squeezed naranjilla juice is used in Ecuador and Colombia to itiake 
sorbete, a green, foamy drink, with an appealing sweet-sour flavor x of 
pineapple and strawberry. In Panama, Guatemala, and Costa Rica, where the 
plant has been introduced, the fresh juice is processed into, frozen 
concentrate. •- * | 

Thd plant is a large, robust shrub (1-2^ m high) with hairy leavei and 
sphericaE yellow-orange fruit, sometimes as large as tennis balls, densely 
covered with easily removed white hairs. The acidulous, yellow-green pulp has 
numerous seeds. Unaffected by season, fruit is produced throughout th^ year. 

*Solanum quitoense Lam. Also known as lulo. Family: Solanaceae. 
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Naranjilla fruit. (W.-H’ Hodge) 
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In Ecuador, the naranjiDa grows best on fertile, well-drained slopes'of 
humid, upland valleys where the annual rainfall is at least 1,500 mm. The 
plant grows rapidly and bears large quantities of fruit. It yidlds 1,000 to 
2,000 g of fruit per ha with little care. ° 


LIMITATIONS and special requirements 

The plants have exacting 'climatic requirements. Frost sensitive, they need 
good jfraihage and moderately cool and rather humid climate at altitudes of 
•800-2 ? 0(}() m. The plant does not thrive in the lowlandis* • • 

They tfre susceptible to rootknot nematodes, viruses, fungal disease, and 
paraSites ? which Horten life and reduce production, particularly in'sandy 
soil?.. Therefore, in Ecuador, new land—uncontaminated by these pests—is 
. used for each planting. Seedlings or grafted plants begin to bear when they 
are,'6-12 months old and continue to produce fruit for about 2 yearsbefore 
they begin to lose vigor (because of the pests) and must be* replaced. 

the naranjilla plant is easily controllable in Colombia and Ecuador. 
However, it is'a well-established weed in some localities of Costa Rica. 

The plants need frequent fertilization (preferably once a month) and water 
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RESEARCH NEEDS 

Little improvement of naranjilla has been attempted. Research emphasis , 
should be on finding varieties and rootstocks resistant to nematodes and the 
fungal and bacterial diseases that limit production. The closely related 
Solatium hirtum crosses, with naranjilla, is tolerant of root-knot: nematodes, ' 
and is a promising species for breeding and rootstock. Another nematode- 
resistant relative is Solarium macranthum. It may make good rootstock. 
Widening naranjilla’s adaptation to climate and soil type would increase its 
use throughout the tropics. Research is therefore recommended. Investigators 
should test Solatium .topiro , crossed /or grafted with naranjilla, because it 
grows at lower elevations and yields a larger (also popular) fruit. 

Selected Readings ; 

Garcia-Reyes, F, 1967. El cultivo de lulo en la zona cafetera colombiana. Revista 
Cafetera. 17(142): 75-7. . 

Gattoni^jL A. 1961. La naranjilla. Ministerio de Agricultura, Panama. - 
Heiser, C. B. 1972. The relationships of the'naranjilla, Solatium quitoense. Biotropica 
4(2): 77-84. * . ' > 

Heiser, C. B. 1972. Notes on sdme species of Solarium (Sect. Leptostemonura) in Latin 
America. Baileya. 18(2):59-65. 

Hodge, W. H. 1947. Naranjijlas, or “little oranges” of the Andean Highlands. Journal 
New York Botanical Gardens. 48(571):155-60. ' 

Ledin, R. B. 1952. The naranjilla ( Solanum quitoense Lam.). Proceedings of Florida 
State Horticulture Society. 65:187-90. 

Munier, R. 1962. La culture du lulo en Colombia. Fruits. 17(2):9l-3. 

Pacheco, R., and J. Jimenez. 1968. FI cultivo de la naranjilla en el Ecuador. Ministerio de’ 
Agricultura y Ganaderia, Quito, Ecuador. " 

Patino, V. M. 1963. Plantas cultivadas y animates domesticos en America equinoctial. V. 

1. Printing Department, Cali, Colombia, p. 403. 

Schultes, R, I E., and J. Cuatrecasas. 1953.- Notes on the cultivated lulo. Harvard 

University Botanical Museum Leaflets. 1,6 :97. 

Schultes, R^ E. and R. Romero-Castaneda. 1962. Edible fruits of Solanum in Colombia. 

Harvard University Botanical Museum Leaflets. 19:235-286. 

Romero-Castaneda, R. 1961. El lulo: una fruta de importancia economica. Agricultura 
Tropicali 17(4): 214-18. * : 

Research Contacts and Germ PlasmSupply 

CATIE, Inter-American Institute of Agricultural Sciences, Turrialba, Costa’Rica 
Department of Biology, Indiana University, Bloomington 1 , Indiana 47401, USA (C. B, 

• Heiser ) f - ‘ • / t ’■ t 

Jardin Botanico del Valle, Apartado aereo 5660; Cali, Colombia (V. M- Patino, Director) 

J. Soria V., Edificio Venancio 2.000-sala 638, Caixa Postal 1316, 70333 Brasilia, D.F., 

. Brazil. * .■ . . * ' - . r " 
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PEJIBAYE *. « 

v \ . ' 

‘ Other than the coconut, date, and African oil palm, few plants of the family 
Palmae have been Widely exploited. Many could become useful sources of 
oil anti food. A notable example is pejibaye, pr peach palm.* It cfould become 
an important commercial crop throughout the humid tropics. Probably the 
most balanced of all Tropical foods, its fruit contains carbohydrates, protein, 
oil, minerals, and vitamins. 

Although favorably mentioned by Spanish writers centuries ago, pejibaye 
today is little known outside Central America arid northern South America. It 
is a palm with many spiny trunks emerging from a common root stock. The 
frrit,'2-6 cm long, is borne in bunches weighing up to 12.5 kg ana consisting 
of up to 300 fruits. There may be as much as 13 bunches oTv^sIngle trunk 
and* under ideal conditions, two crops are harvested per ycar. 0 Tlfe~fruit is a t 
' starchy mesocarp surrounding a seed. It is not sweet; its.flavor and!texture are, 1 
reminiscent of chestnuts. Pejibaye fruit has twice the protein content of 
baftana and can provide mor|^c^rbohydrate and protein per hectare than 1 
maize. . : V. ' r . ' x v . I ° 

Pejibaye fruit is’usually prepared by boiling in salted water). The skin is 
removed before siting. To preserve trie fruit, it is boiled and then dried. I/t 
can be restored to original consistency and flavor—even after 6 .months dr. 
more-by a second brief boiling. -It is. also delicious when roasted/. 

In addition to the fleshy mesocarp, the white, hard-shelled /seed kernel is 
sometimes eaten. It tastes somewhat like coconut and has a high percentage 
of oh. ■ .. Iv < • ' - . j- 

Planted in. tropical America since ancient times, sizable pejibaye stapds 
now exist in Costa Rica, and innumerable dooryard trees are scattered oyer 
the lowlands, of Brazil, Costa Rica, Panama* Colombia, Peru, Venezuela, and 
Ecuador. The pejibaye is of major economic importance throughout the 

• region. At least part of the year it supplies the principal, food for many 
inhabitants. 

The plant is adapted to tropical conditions, preferring regions where- 
annual rainfall is 2,500 mm or less. In Costa Rica it grows at all elevations 

• from sea level to 1,200 m, and occasionally as high as l,500.m.‘It grows*best 

in heavy soil: ^clay loam, or 3 clay’. f 

•" ; " k 

^Guilielma gasipaes (H.B.K.) L. H. Bailey. Formerly known as .Guilielma speciosa Mart, 
and Guilielma utilis Oerst. Also known as Bactris gasipaes H.B.K. and Guilielma chon - 
tadurq Triana. Commonly called pejibay (Central America) also spelled pejivalle, etc., 
pirigiiSo (Venezuela), pijuajo- (Peru), paripou (French Guiana), and. pupunha ^(Brazil). 
Family: Palmae 





Pejibaye fruits. (P. H. Allen, co’urtes^\\£*H. Hodge) 


Commonly, propagation is by seeds, although the plants form suckers 
readily (an important benefit fof'commercial plantings for if allows superior 
varieties to be replicated easily). When grown from seed, the pejibaye begins 
to bear after 6 or "8 years arid has ameconomic life of 75 years or more. Once 
established, the plant requires little care. 

Varieties of the pejibaye are not well defined, but there are many. Varietal 
differences in fruit size, fruit-cluster size, spine length, and fruit color arb 
known. 

Because of its multiple stems pejibaye is one of the*most promising palms 
for the plantation production of hearts of palm (see page 49). 
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LIMITATIONS AND SPECIAL REQUIREMENTS 

The major barrier to propagating large numbers of pejibaye for commercial 
plantations is the lack of superior' cultivars. There is a scarcity of elite' stock 
material (suckers). Seedlings vary too much in quality and performance—and 
take too long to bear—to warrant large investment Existing selections are not 
sufficiently productive, despite claims to the contrary. Seedless (pdrtheno- 
carpic) types are lower in quality and color and are not so productive as 
seeded types. ' < v 

The trunks of most pejibgye strains are densely covered'with spines, but 
the northwest Amazon has spineless races. Harvesting is difficult and expen¬ 
sive. Cutting off too many of the spines kills the palm. .• 

RESEARCH NEEDS . 

Collection of seed, classification of cultivars, > diffusion - of ; seed, and 
information" on the pejibaye crop could lead to its cultivation in many areas. 
An intensive campaign is necessary to expand its cultivation, beginning with 
the areas in which it is already familiar. 1 V 

Efforts must be concentrated on management and .varietal selection 
(especially to select spineless varieties). There are some little-known varieties, 
mostly found in the northwest Amazon region, that, lack spines. These should 
be collected and selected for use in propagatioirand crossbreeding. •- 

Food technologists should test ways to can and preserve pejibaye because 
at present the fruit is not easy to store.or transport in quantity. So far, mpst 
food research has cqncentrated on its. nutritive value. 

Agronomists should study the value of interplanting other crops among 
4 the pejibaye for this could provide a cash return while the .pejibaye are 
maturing. 

The pejibaye research at Centro' Agronomico Tropical de Investigation y 
Ensenanza in Turrialba, Costa Rica, should receive full support from technical _ 
assistance agencies. Funds should also be allocated for a campaign to extend 
their results’to other tropical countries. . 

'■ ^ =■ 

Selected Readings 

Johannesseri, C. L. 1966. Pejibaye palm: yields, prices and labor costs. Economic 

Botany . 20(3):302-15. ■>. 

Johannesseri, C. L. 1966. Pejibayes in commercial production. Turrialba. 16(2): 181-7. 

(Available from the author, address below.) / 

Johannessen, C. L. 1967. Pejibaye palm: 7 physical and chemical ^analysis of the fruit. 

Economic Botany. 21(4):371-8. * 

Patino, V. M. 1958. El cachipay o pijibay, en la cultura de los indigenas de la America * 



FRUITS 


77 


intertropical. Institute Indigenista lnteramericano. Mexico. Ediciones Especiales. 
39:176-203, 293-331. 

Popenoe, W. and O. Jimenez. 1921/The pejibaye, a neglected food plant of tropical 
America. Journal of Heredity. 12(4): 151-66. 

, Seibert, R. J. 1950. The importance of palms to Latin Aiperica; pejibaye a ,-notable 
7 example. Ceiba. l(2):65-74. , • * 

Research Contacts and Germ Plasm Supply , 

0ent.ro Agronomico Tropical de Investigacion y Ensenanza, Turrialba, Costa Rica 
Department of Botany, Smithsonian Institution,-Washington, D.C.‘ 20560, USA (R. W, 
Read) 

Department of Geographf, University .of Oregon, Eugene, Oregon 97403, US’A (C. L. 

Johannessen) 4) . 

In'stitUto de Investigaciones AgroTndustriales, L&na,J*eru (M. J. Fort B., General Manager) 


1MMELO 


Tp produce fruit of high' quality and maximum yield most citrus crops (i.e., 
oranges, lemons, tangerines, tangelos) require subtropical climates* with cool 
Winters and warm summers. The pummelo,* however, is a citrus fruit ideally 
suited to the vast lowland Tropical zone; the uniformly warm climate reduces 
the quality and yield of other citrus, hut the pummelo appears to thrive. 

The, pummelo is native to Southeast Asia where it has been cultivated for 
centuries.. In Thailand where’it is most highly cultivated, fine commercial 
varieties-with a shelf life as-long as 4 months-have been exported tp 
neighboring countries* for more than 60 years. - 4 

An attribute of the pummelo is its relatively high tolerance to saline 
conditions. This tolerance has been exploited in Thailand; unproductive 
'coastal lowlands around river deltas and brackish marshy areas are devoted to 
pummelo cultivation. The popular belief in Thailand is that the flavor and 
quality of the fruit are ^enhanced by the salt. However, this is questionable 
and requires experimental proof. - , 

Pummelp is a crop with potential for coastal lowlands elsewhere in the 


' idtrus grandis (L.) Osbeck,- Also known as shaddock, toionja, pamplemousse? etc. 
-Family: Rutaceae. • * 
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tfopics, especially , those where climate, moisture, and salinity prevent 
cultivation of other popular citrus fruits.. < 

Although: the pummelo* has been introduced into citrus-growing areas of 
the world, the varieties chosen produced disappointing fruit, inferior in 
quality to the best in Southeast Asia. ■’. % ^• 

Ppmmelo trees are generally medium .sized, 5-15 m tall when mature. They 
have broad, shiny leaves; the young branches, are covered with spines. The 
fruit is green or yellow and is the largest .among the citrus varieties^/ larger 
even than grapefruit. They- are either spherical or pear shaped, and l^ave a 
thick ; (up to 2 cm) rind. The internal segments are formed of-firm juice sflcs 
(vesicles). The best varieties have a .pleasant balance of acid and sugar and 
leaye no bitter aftertaste. 



LIMITATIONS AND SPECIAL REQUIREMENTS 

y . \s : ■ - 

" For optimum performance, pummelos require warm, frost-free dimates with 

well-drained soils and adequate moisture. i 

There are few research or agricultural extension reports on pummelos. 

Citrus canker is a common affliction of pummelo trees in. Southeast Asia. 

RESEARCH NEEDS 

Considerable information on pummelos has been accumulated by generations 
of growers in Southeast Asia. It needs to be collated and evaluated by 
experienced horticulturists. But more data are needed if pummelo cultivation 
is to be adapted successfully "outside Southeast Asia. We must know about 
varietal behavior, such as the best rootstocks for different soils, the 
unpredictable seedlessness of some types, and the tolerance and susceptibility 
to diseases. -- - / ; F » 

Research to select superior varieties is helped by the genetic characteristics 
of pummelo: the seeds of most citrus tend to reproduce the characters 
of the mother plant, hut pummelo seeds are gametic (they contain only one 
,* embryo, which is subject to genetic segregation) and give rise to plants*with 
entirely new horticultural characters. This produces a wealth of varieties to 
‘ choose from. • \ 

Testing of rootstocksiand cultivars in different kinds of soils is also 
needed, especially in coastal, saline-soil locations., \ 

Using superior 'varieties collected ! in Southeast Asial scientists should 
establishffest plots in new tropical locales in Africa, Latin 1 ; Am erica, Oceania, 
and Australia, * ' 
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Department of Agriculture, Bangkok, Thailand 

Department of Botany and Plant Sciences, University of Cklifornia, Riverside, California 
92521, USA (R. K. Soost) . ' ] - i 

Mayagiiez Institute of Tropical .Agriculture, Mayaguez, Puerto Rico 00708 


SOURSOP 

The soursop* is'a tropical fruit with potential for development as a processed 
industrial commodity. Native to and common in tropical America and the 
West Indies, it was one of the first fruits carried from the Nevv World to other 
tropical regions. It has become popular in areas as diverse as southern China, 
Australia, and Africa, Though mainly eaten as a fresh fruit, soursop .can be 
processed arid preserved without losing its aromatic flavor. Because of its 
distinctive qualities and its desirability for puree, nectar, icV cream, and jelly, 
jt offers developing countries excellent export possibilities. European and 
North American markets appear particularly promising; 

The soursop tree flowers and bears fruit more or. less continuously, though 
there usually is a principal ripening season. Varying in form and size, the"fruit 
often weighs 4 kg or more. The whife, fibrous, juicy flesh smells somewhat 
like pineapple, but the. musky, rather acid flavor is unique. Soursops are 
usually cut in sections and the flesh, eaten with a spoon. The pulp is often 
added to fruit cups or salads, or chilled and served as dessert, but generally it 

*Annona muricata ,L. Also known as guanabana (in Spanish)'and graviola (in Brazil). 
Family: Annonaceae. . 7*.** • ' 
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is,used in ice (jream or is mixed with water and sligar to make a refreshing " 
drink. Fro^eji pulp is sold in plastic bags in Philippine supermarkets; fresh . 
juice is marketed in waxed, cardboard cartons in the Netherlands Antilles. 

The soursop fruit has many black seeds .scattered through the pulp, but % 
most of its closely packed segments are seedless. The fruit contains 12 
percent sugar, mostly glucose, and some fructose an’d pectin that in 1 ^: 
commercial operations could be an importantiby-product. ' 

' " The tree, low-branching and bushy—but slender because of its upturned.v 
limbs-reaches a maximum height of 8-10 m. Seldom grown'in commercial.. ^ 
orchards, it is often planted in backyard gardens. The tree is easily propagated/H 
by budding onto rootstocks of the same species Seedlings or grafted^lftts % 
•.grow rapidly and bear fruit by the third year. . 

; '.'t 

LIMITATIONS AND SPECIAL REQUIREMENTS 


Adapted only to lowland areas, the soursop' is widely planted 1 inthe ; 
below an altitude of. 1,000 m. It requires an annual rainfall of 100 ' 

more. It will not tolerate dry, cold winds and, least hardy of the ann^afa^ « 
produces few fruits in chilly, mountainous-areas, though it will nottopraije V- 
waterlogging, the soursop can be grown in a wide variety of soils. ’ 
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Soursop tree, Florida. (J. Morton) 



" Soursops are soft and perishable when ripe, and tliey ferment quickly. 
Consequently, they, are difficult to transport and’are not exported as fresh 
fruits. ... y " , 

The tree, unfortunately, is not prolific, the usual crop being only 12-24. 
fruits per tree. In Puerto Rico, production of VhA tons of fruit per acre is 


considered a -good yield from well-tended tree^. Generous.fertilization will 
increase the crop. ; > f .. 

• The flowers are pollinated by insects, usually -Jdetles. Pollination by hand 
encourages fruit-set because pollen is often shed, belong- the stiigma h 
receptive, and small,, malformed fruits result. * - 

In very humid areas of El Salvador it has beep, observed that .soursop trees 
often grow well, but bear only a few poor-qual ity fru i ts. Most of their-f l oWers 
and young fruit fall, due to anthracnose caused by the fungus Colletotriohum 
glofiosporioides Penz. Anthracnose car . be controlled with fungicides. Mealy 
bugs, fruit flies, and red spiders are ; tjommon pests, blit can be, controlled 


with appropriate pesticides In Surinam and Trinidad, fruit must he bagged to 
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c-avoid stunting and malformation caused by the soursop moth and soursop 
wasp, which infest young fruit and seeds. . . . 

Soursop seeds are toxic, and care must be taken to assure that.all are 
removed before the/pulp is processed. o 

RESEARCH NEEDS 


Tile main .research needs of souisop-are agronomic. Agronomists sliould 
investigate p^inatiOn and fruit-set problems thoroughly so that fruit 
production can be improved. 

A search should be made for prolific cultivars (with good horticultural 
characteristics) that produce good-sized, low-^iber fruit with superior keeping 
quality. Exceptionally large 1 and well-formed soursops have been seen on the 
market in Buga, Colombia, and Saigon;' S girth Vietnam. 


Selected Readings , - * 

. < n , 0 

Benero, J. R., A. J. ^Rodriguez, and A. Roman de Sandoval. 1971. A soursop pdip 
extraction procedure. Journal pf Agriculture. University of Puerto Rico. 

. 55(4):51lf-19. 

*. Benero, J. R., A. X. Collazo de Rivera, and ,L. M. I. de George. 1974. Studies on the 
preparation and shelf-life of soursop, tamarind and blended • soursop-tamarind soft 
drinks. Journal of Agriculture . Unive: sity of Puerto- Rico. 58(1) :99-l 04. 

LcalyXV J. 1970;. Notas sobrC la guanabana {Annona muricata) en Venezuela. Proceedings' 
of the Tropical Regional Americai Society for Horticultural Science. Mexico. 

' 14:118-21 ■ . \ • . .Af ; 

Morton,' J. F. 1966. The soursop <or guanabana {Annona muricata Linn.) Proceedings of 
the Florida State Horticultural Sociei y. 79:355-66. 

Nakasone, H. Y. 1972. Production feasibility for soursop. Hawaii Farm Science 

21(1):10-11. • ' X -' 

Pay.uhio, E. M., L. M. Pilac, and P. L Maniquis, 1965. The preparation, and storageA 
properties of canned guwayabano {Annona muricata L.) concentrate. Philippine 
Jo urnal of Science. 94(2): 161-69. . 

Sanchcz-Nieva, F. 1970. FrozenVsoursop puree., Journal Of Agriculture. University of 
. Puerto Rico. 54(2);220-36. A ^ > ' 
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' 96.(822,;USA (H. Y. Makasone) ^ . / J 
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UVILLA 
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Uvilla* (pronounced oo-vee-lya) is a small tree of the western Amazon 
(Brazil, Colombia, Peru). It produces large racemes, of purple, grape-like fruit 
up to 4 crn wide, with a large pit and a sweet,' white jmlp* The fruit is 
consumed raw and is also made into wipe. It grows in wet equatorial forests 
and could easily become pantropic. people .living in the ecological environ¬ 
ment where -it grows have difficulty getting 1 * food. But uvilla is prolific; it 
fruits heavily and over a long period—3 months or so—during the wet season; 
few fruits (other thati pineapple) grow well in similar wet equatorial forests. 
This tree is recommended for testing as a home-garden crop throughout 

■c ' ' .*& "* - 

the humid tropics. ^ 

A relatively fast grower, it begins to fruit in 3 years. The tree apparently 
has few, if any, enemies. The tree is .cultivated singly around the Indians’ 
houses! The fruit at the top of the tree ripens first. A forked branch is used to , 
knock it off. - • 

Uvilla exploitation has been totally neglected by science. It has never been 
the subject of an agronomic study, nor has any effort been made to establish 
plantations. It is proposed here as a topic for small-scale testing rather than 
for mass cultivation. y 

Kelated species,* especially P, sapidaj grow in the forest as wild trees. -They' 
bear' edible fruit, but little else is known about them. ’ 


LIMITATIONS AND SPECIAL REQUIREMENTS 9 

Nothing whatever is known of the agronomic requirements of this plant. And 
nothing is known of the composition and nutritive value of the fruit except" 
that it is rich in sugars.; v ' - . : . \ 

The skin is acrid and inedible and must be/emoved, but it peels off easily. 
Uvilla is dioecious (pollen and fruit are ’born’ on different individual plants) 
and care must be taken in commercial orchards to plant enough polliniferous 
trees, ifi some regions, natives believe it is possible to distinguish the sex by 
examining the seeds. This needs experimental confirmation. • ' 


RESEARCH NEEDS , 

; ' ■ " :■ ■■ . i" , ■» , ’ ' 

A program for uvilla improvement should be initiated. It would not-be costly; 
All known regional varieties aqd strains (some may be distinct species) should 


*Pourouma cecropiaefolia Mart. Also known as 
caimaron, Amazon grape, etc. Family: Moraceae. 


r 


bauba do vinho, uva de rrtoM'e, 



Llvilla fruit. (J Zarucclu) 


be-assembled in one nurseVv f 0 ordevelopment' and hybndi/iaiion oi'.ihe best 
yicldejrs, largest, or swceiesy iViiji,dji>kfsl.growers, etc/. 

Nutritionists slroiiTd updei/taleeyesearch to'identify the components and 
food yialue ^ftlie,Jfuii. m \ 

Nothing is knownp>f uvilla’s industrial.poten.lial. .its processing, pr.eservif 
tipn, \>r use as u flavoring, hxploratcffy jnvostiga.tio.if to Identify the potential 
and problems could be rewarding. _ . »" 


Selected Readings; 

OHeke, A*. ! 94bPlanter* tl{' CuUura.Frcculohifiiana nu .1 nwz'otiia Brcjsileira. .Votas'Sohrt 
la^-Sspeaies on Formas Fsponidneax (ju.e SUposiametae fhes*-l 'eriam . Dado . Oritfcm. 
l3olctu>/rccnii5tr‘Nu. 8. jn.siitluto A-gionbnik:oylo NoPte, Belem.. Bra/.iJ. 

Macbfidc, J. Tv I 960. T'lpra of I’eni. IdekJUma Botanv. 1.1(1. pt, 5). I'ietd Museum ul 
Natural I 1 is lory* Illinois,USA. • * 

Patino, V.- M, 1963. Plan ids Cuilivadas y Animates pomcsticos en America Fqwinocciai 
To mo I Fntlalcs. Impienta Depaiiamental, Cali. Colombia. < » 

Percz-Arbelae/., J-. 195.6. 'Planlas lBiles Ue Colombia, ‘^d T.d.. Libreria .Colunrbidna o - 
Camacho Roldon (/(a. (l.tda.). Bogota-, Colombia. 1 
Rotitgro-C-astaned.ar, R. 196!. Fruitas Silyvstres de Colombid■. \\>i. t. Author. Bogota 
Colombia. '• 

Teixeira (sa Fonseca), I ,. { 954. Frutm 'do Brasil. Mmisteruy.da Kdueaoao e Cultura 
institute Nacitma! do Livro. Rio dc Janeiro. Sedeera (Sociedad Editoxa e Grafict 
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Research Contacts and Germ Plasm Supply 

Institute Nationalide Pesquisas da Amazonia, Manaos, Brazil 
Ministerio de Agricultura, Bogota, Colombia . 

Universidad Naciotial de la' Amazonia Peruana^ Facultad de Ciencias y Humanidades, 
Apartado 496rIquitos, Peru (C. S. Flores) ‘ ■ # t . 
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BABASSU PALM 

The babassu,* a palm native to The northern. region of South America, 
produces an abundance of fruit.containing up to 72 percent oil- Although it 
has been slightly commercialized, further research is necessary before its full 
potential can be realized. 

Babassu kernels taste, smell, and look like coconut meat, but they contain 
more pil. Babassu is perhaps the only vegetable species that could replace 
coconut in the prddupjion of olein and stearin: 

The babassu path grows wild throughout more than 3$ million acres of 
the Amazon basin. Before World War II, most of Brazil’s babassu nuts (about 
40,000 tons) were exported. But local processing for soap is expanding. 
-Doipestic production of Oil rose from 6,0Q0 tons in 1940 to 53,600 tons by 
1965. . V * ' • V 

The potential output is enormous, hut difficulties of cracking the hard, 
thick shell and collecting and transporting the nuts limit production. 

Various levels of yield are reported for individual trees; a babassu palm 
may produce a ton of nuts a .year, representing 90 kg of kernels. Palms on 
cultivated plantations have yielded 1,500. kg of nuts per ha.t 

Babassu is a tall (as high as 20 m), majestic, fan-shaped palm with large, 
..elegant, curved leaves that grow to 9 nvlong. Its bunches of oblong or conical 
fruit often reach up to 1 m in length. The bunches weigh from 14 to 90 kg and 
contain 200-600 fruits; 1-4 bunches per year are produced from the time the 
tree is 8-10 years old. The fruit (8-15 xm long and 5-9 cm thick) resembles 
a small cocohut, weighs 150-200 grams, arid contains 3-8 kernels. The 
kernels contain 60-70 percent oil and constitute 10 percent of.the fruit’s 
weight. 

The kernel is surrounded by a pulp that Is 10 percent starch, enclosed by a 
hard, woody shell nearly 12 .mm thick,'much like coconut shell. The pulp 
constitutes 20 percent of the weight of thejifruit. 

- * - Or bignya martiana^i\x^od^ndOrbignyaMeif£mMmiit.SiXl^i-Qrbignya spp, may 
be useful in a similar way. Also* known as b£bagu, coco de macaco, aguassu. Family: 
Palmae. 

fMarlcIey.T97l.‘See"Selected Readings. “ ‘% a 



UNDEREXPLOJTED TROPICAL PLANTS 

• \ 


The-cross-sectipn of "a babassu nut gives an idea of the difficulty in shelling'the nut to 
extract the kernel .{Brazilian Bulletin) _ ; 

Babassu oil can be used for tire same purposes as coconut oil—for example, ^' 
for margarine, shortening, general edibles, 'toilet soap, fatty acids, and 
detergents. The oil is obtained by conventional methods of oilseed extraction. 

It is almost colorless,, lias an agreeable, odor, and does not easily become 
rancid. After the oil is' extracted, the remaining seed cake is used for animal 
feed. It contains up to 27 percent protein and resembles coconut cake in 
composition. ; * ' ; 

The hard shell (endocarp) makes an excellent fuel that is burncdsdirecfly 
or converted to charcoal. k ; 

; hi general, native babassu grows in fairly pure stands in river valleys and 
deltas not ^subject to prolonged or permanent flooding, although it is also 
found in areas of higli to low rainfall and dry to swampy conditions. It thrives 
in well-drained, alkaline or neutral soils, but it grows also in siliceous soils. 

In Brazil the fruit ripens from July to November, then falls to the ground. 
After collection, the fruit is usually dried in^the suri to facilitate removal of 
tlie shell from the kernel. ' 

Two m£in species of babassu.,are found in Brazil, Orbignya martiana Barb. 

‘ Rodr., which* grows in-the wet forest greas of the* Amazon basin, and 
Orbignya oleifera Burret, which grows in the dry, senii-deciduous forests of 
frazil outside Amazonia. The preceding descriptions are based on these 
species. However, other related palms offer commercial potential as oilseeds: 

• Orbignya cuatrecasana A. Dugarid grows in the Choc6 region on the 
Pacific coast of Colombia. The seeds, known as taparos or taparos grandes, 
are eaten and used iri other ways by the local inhabitant^ in much the same 
way that coconuts are used elsewhere. ' / 
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• Altalia speciosa Mart, [formerly known as Orbignya speciosa (Mart.) 
Barb.-Rodr.] is found in tropical South America, especially Brazil. The fruit 
provides an excellent oil, though iT is smaller and contains fewer seeds than 
the fruit of the species previously mentioned—-' 

• Orbignya cohune. Mart. The cohune palm grows in the rich lowlands of 

Mexico’s Yucatan peninsula; Belize? Honduras; and Guatemala. Only small 
amounts are now harvestedybut each palm bears from 1,000 to 2,000 fruits a 
year. ' * 

LIMITATIONS AND SPECIAL REQUIREMENTS 

As mentioned, the unusual hardness of the endocarp is the most serious 
obstacle to the increased use of babassu. 

All species of babassu require tropical climates: warm temperatures, ample 
sunshine, and moist (but no) waterlogged), fertile "soils. Qrbignya martiana 
.prefers a very hurhid .climate and is found usually in tropical rain-forest areas. 

. Orbignya oleifera grows best in drier, semi-deciduous forests. 

Although the kernel -has the most important properties for commercial 
use, it accounts for only 10 percent of*the.nut. Therefore, it is not usually 
economical to transport whole fruits to a cracking and separating center, 
since 90 percent of the fruit has only incidental by-product value. Cracking 
and separating must be done, locally. 

If the kernels are not .well dried, damage during decortication initiates 
enzyme action that will turn the oil rancid. 

The palm is slow to mature. It begins to yield by 8 years and reaches full 
production in 10-15 years.. 

Just from existing- stands in South America the potential f output is 
enormous, but handicaps remain: labor for collecting the nuts is scarce; 
transport facilities are inadequate; and yields are low because the trees grow 
too densely.- • 




RESEARCH NEEDS K 

Machines have been developed that crack the shells and separate the seeds 
from the husks, but in most cases cracking is still done b^ hand and accounts 
fot 57 percent of the cost. Research should Be conducted to improve 

mechanization. , _ . ' t _" l__:— --- 

Tons of residue are discarded that should be put to productive use. The 
exterior of the nut, the fibrous epicarp, probably contains a wealth of new 
products. \ 




Babassu palms. (H. S. Irwin) 


Considerably more data* should be-acquired on the wild stands in South 
America. -High-yield varieties' with desirable characteristics should be prop¬ 
agated in a germ plasm bank in Brazil. The reasons for the great' differential in 
the nite of production in the various region^ should be investigated. 

• Though a few babassu plantations are well established? more agronomic 
rfiata are needed before widespread plantation cultivation can be achieved. 


Selected Readin gs___ L __'_if_ rt .._ « 

* . 

Adames, G. E. 1943. Babassu. A hard nut to crack. Agriculture in the Americas. 3(10). 
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Godin, V. J. and P. C. Spbnsley. 1971. TPI Crop aiyd Product Digest No. 7 Oils and 
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Oilseeds. The Tropical Products Institute, London. (Available from: Publications 
Section, Tropical Products Institute, 56/62 Gray’s Inn Road, London WC1X 8LU> 
England.) '[ 

Markley, K. S. 1971. The babassu oil palm of Brazil, Economic Botany. 25(3):267-304. 
Ministry of-AgriCulfure, Brazil. 1955. O Babagu. Publication Ser. Estud. e Ensaios, Nq J; 8. 
Pinto, R. W. 19,5L Babassu-Brazil's wonder nut. Foreign Commerce Weekly. 45, Oct:3-4. 
Planejamerito da- ut^liza^ao do babagu. 1952. Revista de Quimica Industrial (Rio de 
' Janeiro)./21(2421:14. • ^ 

Poliakoff, J. 1957. Brazilian oilseeds. Oleagineux. 12<3): 172-4. - 

Rizzini, C. T. 1963/ Sobre a distinqiao e a distribui?ao das duas cspccies de babacu 
(OrbighyaJ. Revista Brasilcircpde Geografia (Rio-de Janeiro). 25(,3):313-26/ 

Sadaba, R. M. 1953. The importance and economic future of the babacu palm. Bolctin 
. Oleiculture International, 3:23-31. 
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1st part, t Monocotyledons.) Centro de Tecnologia Agricola e Alimeqtar, Department 
Nacional de Pesquisa Agropecuaria, Ministerio da Agricultura, Rio de Janeiro, Brazil, 
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Weiss, M. i955. La babassu, richesse national du Bresil. Oleagineux. 10( 12):839-43. 
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BUFFALO GOURD 

. -M ; v- . « H - v 

' ■ ' * 1 - O ■ ■ , 

Demands for edible off and protein in aridlands are increasing. Until recently, 
wild gourds belonging to the squash family, Cucurbitaceae, have been 
overlooked as a potential source of* oil and protein for livestock andhunwrff f. 
Several of these are highly drought-tolerant, particularly the buffalo gourd.* 

*Cucurbita foetidissima HBX Alfco known as buffalo gourd, chilicote, or mock orange. 
Family: Cucurbitaceae. . V ! v 
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Harvesting these two buffalo gourd plants growing wild near Snyder, Texas, yielded J.3; 
kg of dry seed, despite arid conditions, lack of care, and/lack of agronoijhic improvement. 
(L. C: Curtis) _ " • . '' "■ - y* . !. : * 

■ v- . v :'° / ■ ' ; ; ' 1 •' ] . ; ; J 

On barren land the buffalo gourd may match the performance of traditional 
protein and oil'sources’such, as peanuts/and sunflowers, which require more 
water. But little research has been conducted, and the buffalo gourd is not 
'yet-commercially Cultivated anywhere. Much research, particularly into the 
t nutritional efficiency of the oil and/proterin, still remains to be done: " ^ 

| The buffalo gourd is a vigorous perennial, ft grows wild op wastelands in 
the deserts of Mexico, and the southwestern United States I and produces an 
abundant crop of fruit containing seed rich in oil and protein., fts large, 
fleshy, da Mia-like tubers g?ow as deep as 5.m to obtain anid store water, The 
plant is covered with a dull, wax coating. It produces-yellow, hard-shelled, 
spherical fruijt (to 8 cm diameter) containing pulp and flat, white seeds 12 
mm lpng and 7 "Mm wide.. The fruit can be mechanically harvested and the 
flesh dries so 7 completely in arid environments that the seed inside can be 
threshed out. > 

Each fruit of the buffalo gourd contains about 12 grams of seed and, on 
tire basis of 60 fruits to the plant, 1 hectare of plants can produce 2.5 tons of 
seed. The seed Contains jD- 35 percent protein and up to 34 percent c oil.* 
These (estimated) yields compare favorably with other oil- and protein- 
bearing crops such as soybeans and peanuts. ' V* 

The seeds can be crushed to obtain the edible polyunsaturated oil for fdpd 
and industrial use. The pulp from undried fruit is used for cattle'feed, 1 / 

The buffalo, gourd’s enormous root can weigh, as much as 30 kg (70^ 
percent moisture) after just'two growing seasons. It is filled with starch and in 


^Jacks, Hensarling, .and Yetsu. 1972. See Selected Readings. 
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addition to its other uses buffalo gourd is now becoming recognized as auoot 
crop. The roots (as well as the leaves and fruit) .contain bitter-tasting 
glycosides; however, the starch can be separated from them by soaking in'a 
dilute salt solution. / 

v The plants are long #ed; some are reportedly over 40 ybars old. They are 
highly resistant,, to cucumber beetle and squash bug. The plants can be 
propagated asexually from nodal-^roots: if tire Long, running vines life stapled 
to the soil and watered, a.fresh ro'ot starts. This cloning process produces • 
new-generations rapidly.'Within 2 years, thousands of genetically identical 
offspring can be-ready to plant. . ' 

The burfalo goprdhaS been used by North American Indians for centuries. 
They used the seeds for food and soapy extracts of the fruit pulp and vine for 
washing clothes and cleaning hides. 

. “ One research project on the buffalo gourd, at the Arid Land Agricultural 
Development Institute in Lebanon, is hybridizing varieties to obtain seeds 
produce plants that mature more quickly and give a higher yield. The 
institute is also working to develop seeds with higher oil and protein content 
a purer .oil that dan be stored without turning rancid. Recently, some of 
the highest-yielding gourds nave been found to be male-sterile, opening .vistas 
df simplified replication. 








One half of a 3-year-old : 
buffalo gourd root,This 
specimen weighed 45 
kg. Although this was c 
produced ’ by a plant 
growing under extreme¬ 
ly arid- conditions, the 
25 kg of starch it con¬ 
tains is eq uivalen t to the., 
amount produced by a 
score of potato plants 
grown under good con¬ 
ditions. (L. C. Curtis) 


LIMITATIONS AND SPECIAL REQUIREMENTS 


Buffalo gourds require long periods of warm, dry weather for optimum 
growth. They are sensitive to'frost and intolerant of wet, poorly drained soil. 

Great yield deferences occur among individual plants: some! are essentially 
barren, some prolific. The = size of the fruit varies. Some variations are. 
undoubtedly 'due to seasonal fluctuations, others are genetic. Some plants 
have a preponderance, of male, some of female flowers. 

i-’ As already mentioned, it is not known how the oil and the pressed cake 
containing the protein will compare witffother oils and proteins as food for 
humans ajid livestock. The .possibility that the meal or protein might be 
inedible must be investigated by extended feeding trials. 

Buffalo gourd protein—like other plant proteins—is low in lysine and the 
sulfur-containing amino acids. 
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RESEARCH NEEDS 

Experimental plantings, selection, and breeding are needed in many new 
regions. ■ \ . 

The meal has a high phytic acid .content, and extensive feeding tests should 
be undertaken to\ determine whether excessive saponins or other toxic 
substances are present. . 

More information is needed on water requirements and other agronomic 
parameters. - • .-A . . . 

. .•' /* \ v . \ v 

Selected Readings 

Eta-Amer, M. A., arid ly. P. Bemis. 1968! Fruit and seed development in Cucurbita 
A foetidissima. Economic Botany . 22(3): 297-9. 4 

Bemis, W. P., L. C' Curtis, C. W. Weber, J. W. Berry, and J.^M. Nelson. 1975. The Buffalo 
Gourd (Cucurbita foetidissima HB_K)\ A. Potential Crop for the Production of 
Protein, Oil, and Starch oh Arid Lands. Office of Agriculture, Technical Assistance 
Bureau, Agency for International Development, Washington, D.C. 20523, USA. 

• Berry, J. W., W-. P. Bemis, C. W. Weber, and T. Philips. Cucurbit root starches:. 
Isolation and some properties of starches frgm .Cucurbita foetidissima HBK and C. 
digitata Gray. Journal of Agriculture and Food Chemistry. (In Press) 

Bolley, D.S,, R. H. McCormack, and L. C. Curtis. 1950. Utilization of the seeds of the 
wild perennial gourds. Journal of the American Oil Chemists’ Society. 27:5 71-4. 
Curtis, L. C. 1972. An Attempt to Domesticate a V$ld, Perennial, Xerophytic Gourd, 
Cucurbita foetidissima. Progress Report No. 1. The Ford Foundation, Beirut, 
Lebanon. . , 

Curtis, L. C., and H. Gomez, C. 1974. Cucurbita foetidissima, una fuente potencial de 
aceite y proteina en zonas aridas. Boletin Tecnico 4. 12(1). Centro Nacional de 

Investigacion para el Desarrollo de Zonas Aridas, Safltillo, Coahuila, Mexico. -- 

Jacks,.T. H., T. P Hensarling, and L. Y. Yatsu. I972. ,ciucurbit seeds: I. Characterizations 
and uses of oils and proteins, a ie\i€W~Economic Botany. 26(2): 135-41. 

Shahani, H. S., F. G. Dollear, K. S. Markley, and J. R. Quinby. 1/951. The buffalo gourd, 
a potential oilseed* crop of the southwestern drylands. Journal of the American Oil 
Chemists’ Society. 28:90 : 5. 

Research Contacts and Germ Plasm Supply 

L. C. Curtis & ,Sons, Inc., Watkinsville, Georgia 30677, USA (L. C. Curtis) 

Department of Plant Sciences,. University of Arizona, Tucson, Arizona^ 85721, USA 
(W. P. Bemis) . * ■ . 

United States Department of Agriculture, Southern Regional Research Center, P.O. Box 
19687, New Orleans, Louisian^ 70179, USA (T. J. Jacks) 
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CARYOCAR SPECIES 

Caryocar* species, tropical New : World trees,.are abundant in the Amazon 
basin, the' Guianas, and central Brazil. Their seeds are an excellent source of 
edible oil. Oil production from, these species could be greatly increased and 
industrialized. But this is a long-term project requiring considerable research. 

In the 19th century. Sir Henry, Wickham, the man who introduced rubber 
trees to °Malaya, gave equal emphasis to the potential of Caryocar villosum 
and of rubber when lie sent the seeds of both trees from BrazilHo Malaya. But’ 
catyocar did not receive equal attention by the recipient^'By 1952 it was 
reported that tl^e trees still surviving from Wickham’s-seed were sadly 
neglected, and that there had been fio postwar production of nuts or oil 
there. : -.. ’ 

Caryocar fruit, like those of oil palm, yields-two edible oils-one from the 
pericarp and one from the kernel. In texture and flavor, caryocar kernels are 
said to be, the best edible nuts in the tropics. 

There are 15 caryocar species. The best knov^TTa^octfr brasiliense or 
pequx, is a hiedium-sized tree that'flourishes in the Planalto of Central Brazil. 

A closely related species, also showing, great promise, is Caryocar villosum . 
Caryocar brasiliense probably has greater potential because it is a smaller tree 
and^therefdre easier to harvest. It grows in marginal, low-quality soil, where 
few other economically useful crops ,will grow. Caryocar brasiliense, 
flourishing in the cerrados of central Brazil, is a low tree with beautiful 
yellow or white flowers. The fruit (about the size of an orange) contains an 
\ oily pulp and,kernel that are used for food.-So far, they have been employed 
' pnly in hord^cooking. The fruit is made into a tasty liqueur,-well known in 
Brazil. '•■\\ \(\ * - ,\ . 

The 9 fruit is .surrounded by a fibrous husk (mesocarp) similar to coconut 
husk. \Ten percent \of the fruit is a starch. The large, fleshy fruit, weighing as 
much ids 0.4,kg, is surrounded by a shell (endocarp), which,, like cocdnut 
shell, is used for fuel, either directly or after conversion to charcoal. Inside 
are T-4 kidney-shaped, brown kernels similar to Brazil nuts, coated with a 
pale yellow fat that provides oil. It is a sweet oil and is an excellent substitute / 
. for cooking fat and butter.. The oil is composed largely of glyceride esters of 
palmitic and oleic acids. Like the palm oil thatdt resembles, it can be used for 

similar purposed. It is easily bleached- n 1 \ 

• The kernels have a thick shell almost impossible to crack. They, too (ljke 
oil palm kernels), contain an oil highly prized by the indigenous populations 
of northern South America. , . •• ‘ 4 , , 

. •*- ■ .■ V-'** . . 

v *z.g y*Caryocar brasiliense Camb. Also known 5k peqiii or piqui in Brazil; and Caryomr • 
-I villosum, known as piqui-a in Brazil. Family: Caryocaraceae. 





So^iari;nuts from, Caf*focar glabrum. (Field Museum, Chicago) 


By the 'tinne -Qfeey are 9 years old, the trees reach a height of fl0 .rri; the 
spread of their benches equals their height. The wood from somie caryocar 
species (e.g., Carp0car villosum) is so durable that it is used in shipbuilding. 

, Other caryocair species worthy of commercial consideratioqjiriclude: b 
• Caryocar amgydaliferurn Mutis. This tree grows' irf northern South 
Anierica and proiftices seeds that are a source of pleasant-taslmg sawatre or 
suari fat; used in food.' . ^ ; - 

; ® Caryocar gfahrum .Perr. A. tree of the Guianas, it is . known also as 
\ soapwood. • j 
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• Caryocar nucifenim L. It is a tall tree that grows in Brazil, and the 
Guianas, aqd is also cultivated in the Wests Indies. A product of the tree is 
suari nuts or butternuts, whose edible oil is exported. 

® Caryocar tomentosum Willd. A large tree of the Guianas, it is also 
known as suari tree. * 


LIMITATIONS AND SPECIAL REQUIREMENTS 

t-* ... 

The caryocar tree has never been agronominally researched, but it appears 
that economic considerations are the only real obstacle to success of the tree 
as a tropical crop. Even initial investigation might produce cost-rim ih£ 
measures. . •. h 

I The ripe fruits must be treated as soon as they are harvested, because 
enzymes cause free fatty acids to develop during storage. 


RESEARCH NEEDS 

A caryocar seed bank should be developed to supply' interested agricultural 
organizations throughoutlThe world. Horticultural requirements must be 
determined. . ..-a h 

All econorhic—aspects of harvesting, processing, and marketing require 

study. /r' ' "' r 


Selected Readings 

^BarFadas,. M:-*M. ,197.2;-JlnfoTma^ocs sobre floragao frutificagao e dispersao do piqui 
Caryocar brasilien^e Camb.(Caryoearaceae). Cienciae Cultura. 24(11): 1063-8. (Avail- 
> atjlc^rocpi'tbe author, see Contact^ list.) f ■■ 

Barradas,‘M. M. 1973. Morfologia do fruto e da serfientc dc Caryocar brasffimse { Piqui) 
cm varias lasts de deschvolvimento; Revista de-Biologia i Li«b.) 9(1 -4):69-84. (Avail- 
• ahle from the author,'sec tacts list.) ■ 

George, C. B; V. 1929.’ Piqui-a fruit oils. Malayan Agriculture Journal. 17:166. 4 * 

Handto, W., and' M. M. Barradas, 1971; Sobre os oleos db fruto e da semente do 
- brosiUense Qvdnb . Ill: Simpasio sabre o cerradoi pp. 110-13. (Editora 

^Paulq) This paper contimTan ananas of tlie^qil content of the fruit. 

• Howes, R. N, i953/W«j!>^ Tli&ir-ffiocktcfion dnd Everyday Uses. Faber and Faber, Ltd., 
, ; London,. ' ; ' T ' ^ 

-.1^1^ G/L;T94'2FT\vp «newspecies of Caryogaraceae' from northern S6'uih America. 
; ■’■Trofim Woods t / ’ . . A . A'. - . . . 

A^aBer, -E:,y. 1957V ^.iqui-a-potential source of vegetable oil for an .oil-starving world. 
V Economic-Botany A 1 .(3) :-l 6 Z-2D7-. . , 1 • ' 

-Prance., G. T., and'M. F. da Silva. 1973. Caryocaraceae.* FloraNeotropica. 12:1-75. 
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Research Contacts and Germ Plasm Supply * 

Institute Biologico, CaLxa Postal 7119, Sao Paulo, Brazil. (M, M. Barradas) 

Institute National de Pesquisas de Amazonia, Manaos, Brazil 
»New York Botanical Gardens, Bronx, New York 10458, USA (fc. Prance) 


JESSENIA POLYCARPA 

-'>• • • . 

Jessenia polycarpa** is a little-known, palm that produces oil closely 
resembling olive oil.. It grows -abundantly in some lowland areas of the 
Amazon; region of Venezuela and Colombia. Its extraordinarily large and 
heavy fruit clusters are comparable to those of the African oil paint; Though 
mqch used in its homeland, the plant has never been; cultivated; however, 
current olive oil prices makeythe jessenia well worth investigating as. a 
potential commercial source of edible oil. - 

The purple fruit, 3 cm long, has a thin, oily, edible pulp enclosing a fibrous 
husk that surrounds a horny seed. Tiie pulp constitutes almost 40 pertent 
(dry weight basis) of the whole fruit fit is approximately 5d percent oil. Adult 
palms average two fruit clusters-per year or 30 kg of fruit, from which 2.2 kg 
of oil (24 liters) can be extrlcted. 

The yellow oil from the pulp is sold in markets ift Colombia. It is equally 
"satisfactory fdr food, soap, or cosmetics. The milky residue from oil 
extraction; (called yucuta) is consumed as a beverage. The seeds are eatqn 
mainly by the,poor. ; . * •' 

Feather-leaved Jessenia polycarpa grows in dry soil above flood level in the 
Amazon basin. Another palm, Astrocaryum , grows along river bai)ks flooded 
for 5 monthsof the year. It also bears fruit in edible oil. If Astrocaryum 
■ were grown in conjunction with jessenia, both types of label, which 
commonly Occur together, could be utilized. . 

Another species Jessenia bataua (Mart) Burret, is a medium-sized palm that 
grows,in the states of Para and Amazonas in'Brtfzil, in Colombia, apd-itythe 
Orinoco River Valley .and the Gulf of Paria~in Venezuela.- The pulp,contains 
18-24 percent oil, which is yellow-green in color. The oil, of high quality and 

''-v ^ ~ . 

* Jessenia polycarpa, Karst. Also known as^eje, seje grande, coroba, milpesos (Colombia) 
and jdgisa (Venezuela). Family:- Palmae. • ^ 
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almost identical to olive oil, is obtained by'boiling the macerated fruit in 
water. Its production is very limited at present. 


Jessenia weberbaueri Burret of Peru bears exceptionally large fruit (to 4 
cm long with seeds 2.5 cm long. ’1.5 cm wide). . , 



A jessenia palm in tha.V^upes of Colombia. (J. Zarucchi) 
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LIMITATIONS ANDvSPECIAL REQUIREMENTS 

Very little is known about any Jessenia species or their products. Such basic 
information as the number of years required for the plant to mature and bear, 
•• seed has not'yet been determined. 

RESEARCH NEEDS / 

All species of jessenia should.be checked for-their oil production and quality. 
Testing Jessema\polycarpa (or another specie^ if it proves si|iperior) under 
plantation conditidrrsHs^ssentjal. If a platitatig'n culture could be developed, 
it Would be the key'to successftdjjtilixation of tlie plant. 

Selected Readings . *' 

—195 S^ElantasUtiles cle Co lombia. 3 rd etiLjJbrena iColoinbiana. Ca*- 

• macho Roldan Cia (Lida), Bogota, Colombia. > ' . --v 

Romero D.„ G. and DfSnilo Luna M: wA.+ 'FactibiUdatl de h'\\-plotacion del Sege-en los 

• Llamas Qrtentales Colpmbianos* Centro de Desunjollo Iififegrado ■ “Las Gav iotas,” 

Universidxid Industrial de Santander, Division de Cieiicjes l’isico Quint icas, Santander, 
Colombia*. ” f.q' 

Upljof, .1. C. ,1968. Dietionar.y of Economic Plants. S-H, Service Agency, Riverside, New 

v Jersey 08075, USA. • ’ ' ■ ‘ ' T , 

.. • - , r . s 

/ ;/• . 

Research Contacts and Germ Plasm Supply 

Botanical Museum, Harvard-University, Oxford Street, Cambridge, Massachusetts 02138, - 
USA (R. E. Schultes an d M. Batik)-' ■ j% 

Centro de Desarrollo Integrado “Las' Gaviotas,”’Calle 71 No. 13-56, Bogota, D.E. Colom¬ 
bia (Pablo Lugari) . . \ . /'*•/ | * 

Department of Botany, Smithsonian Institution,Washington, D,<p. 20560, USA (R. W. 
Read) , \ ' - ; •• 


JOJOBA 


Jojoba* (pronounced ho-hp-^a) is a hardy shrub that .grows in .arid regions <jf 
northern Mexico - a nd.tjie youth-western United States, lits seeds contain a 
. liquid “wax” (esters of fatty acids and alcohols) that has injipressive industrial 
potential. t . /, ‘ v ; , • ! . I : W * 

Tt is-djifficuit 'to produce synthetic liquid wax commercially. Since the 
endangered sperm wpttle is,the only natural source at present, the jojoba plant 
rhay v in tirqe, b.eehme the'only .source, of liquid - wax. Jojoba oil may 


*Simmo>Tdsia chn/ensis (Link) Schneider'. Family: Buxnceye, , 




eventually replace sperm oil and save the species by making it uneconomical 
to hunt sperm whales. i , 

Industry. uses sperm oi| in lubricants that must .withstand extreme 
pressures -for example^ in rpachincry gears and automobile transmissions., 
Sperm whale, oil is so valuable to industry in the* United States-that it has 
been classified as a strategic material and stockpiled against national 
emergencies. The liquid wax from jojoba may provide an economically 
attractive alternative. U : 

Some other plants yield saturated, solid waxes as costings on seeds, fruits, 
leaves, and stems, but jojoba bil is the;onlyyunsaturated, liquid wax readily 
extractable in large quantities from a plant Source. 

Xoj.ob?i cultivation and processing, the manufacture of jojoba products, and 
the utilization of by-products jib ight, help...'impoverished peoples in arid lands 
to|become economically self-supporting. 

The jojoba plant tolefgtcs extrenlc desert temperatures: daily highs of 
35°-45°C shade readings-are common during the summer. A true drought- 
resistant desdrt .shrub, it tjiriv.es under soil and moisture conditions hot 
suitable for most agricultural crops. 

Five hundred nun of rainfall a year is sufficient to support productive 
stands of jojoba;.ev$n 100 mm. may^ produce a light crop of seed. The shrub 
has been known to survive as long as-a year with no rainfall at all. A cash crop 
of jojoba would not significantly deplete scarce water supplies, which are now 
in great demand' to-sustain increased population and cultivation of water¬ 
consuming crops such as cotton and sorghum. Jojoba requires water during 
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winter and spring months' to set its flowers and seeds. Its summer 
requirements are low in contrast to most crops that, in arid regions, meed 
water when it is most scarce to. protect them from drought Jojoba also 
appears to be fairly salt tolerant: -one tested variety, Vista, showed no 
detrimental effect on growth or flower production at a soil-water salinity of 
about 7,000 mg per liter.* 

Frequently stunted to a ,hefght of 60-90 cm by the harshness of its 
environment or heavy browsing by wildlife or livestock; jojoba grows as high 
as 2h3 m in well-watered sites. An evergreen, it has thick, leathery, 
bluisi-green leaves and brown nut-like fruit. Its natural lifespan appears to be 
more! than 100 years and may exceed 200. years. Jojoba is a rugged plant that 
can regenerate lost limbs and survive harsh, treatment. 

Jojoba sesds. contain about 50 percent liquid wax. The wax can be 
obtained in high purity by pressing or by using a solvent to extract the seeds, 
using Conventional oilseed equipment, It often requires little refining for use 
in lubricants. It is very slow to turn rancid. Its viscosity, flash point, and fire 
point are similar to those of sperm whale oil. Perhaps the most important 
property of jojoba wax is that it hr undamaged by repeated heating to high 
temperatures anf reportedly does not change viscosity, after repeated 
temperature changes. f . v 

The Wax has been suggested for use in-a.variety of products ranging from 
linoleum to detergents to pharmaceuticals. Its stability in terms of oxidation 
and rancidity make it particularly attractive for use, in Cosmetics and other 
products. - v . a * . / 

Aftef jthe wax has been extracted, the residual seed meal contains up to 35 
percent protein. It has an unusual chemical that suppresses the appetite of 
^laboratory rats, but may become acceptable, after processing, for livestock 
feed, especially jn the feed-short arid regions where jojoba‘grows. 

In addition, the wax can be easily hydrogenated to produce a' solid, hjard, 
white .wax, with important potential for use in.p dishing waxes, carbon pajier, 
and a host of other products. It may be a suitable substitute for carnauba and 
beeswax, Whose prices have recently increased sharply. J . j 

LIMITATIONS AND SPECIAL REQUIREMENTS 

A serious limitation-to the development of jojoba is the lack of high-yield 
varieties. Sded now available is variable and produces non-uniform, plants with 
uneven yields. Cuttings (which would circumvent-this) have proven difficult 
r to root. - / • \* • 

'■ \l • ' 

♦Yermanos, Dj Francois L. E., and Tammadoni, T. 1968. Economic Botany. 22. 
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Harvesting jojoba in a 10 year-old plantation at Bilat, Israel. This area receives about 230 
mm annual rainfall, but without any irrigation some.of the best plants yield 3 kg of fruit j 
in a single harvest. (M. Forti) , ' jj? 4 
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7~ Trbm planting until the First - Harvest takes 4-5 years.. Investment money is, 
therefore, tied up for a long-time before income is realized. Bebause 7 to 8 
.years are requifed^tb’^achieVe full yield potential, jojoba research must be 
planned on a long-term basis. . . # 

, Jojoba bushes are either staminate (male) or pistillate (female). Only the 
pistillate bears seed. At present one cannot distinguish the sex of seedlings 
until they flower. Several seeds must be planted at each site to ensure that 
enough pistillate plants will be available. Most of the staminate plants are 
removed at maturity leaving.only enough to pollinate the pistillate plants. ' 
Jojoba plants, especially'when young, are sensitive to frost. 

■ ;> ' "• • ' : ‘ r ft) ** 

: .. .< - ~' ■ •. 

RESEARCH NEEDS 

. ' v ■ ' ' . • y " 

Jojoba will'need an integrated research and development program designed to 
include the following: 

. • Development of large-scale jojoba plantations for technical and eco¬ 
nomic evaluation.;^ 

^.J^SeleCtibn and breeding for'productivity , hermaphroditism (both sexes 
on the same bush), cold resistance, multiple annual yields, early maturation, 
and a shape that facilitates haryest; 

• Agronomic investigation to define factors influencmg^growth and yield 

su.chv£s4^ -.moisture. regime, fertilizers, plant-spacing,, ratio 

of male to female plants, and soil types; . j , 

• Development of npv uses for jojoba wax and its derivatives, and testing 

products for their importance and value to industry ; 1 ‘ f ' 

• Detoxification of jbjoba meal for use as animal feedL. 

• Research to find s&x-linked characteristics that Would allow early sex 

identification of a seed opsieedling; v - ? . 

• Development of commdicial methods of repetitive propagation for rapid Q . 
production of desirabJS Varieties. This, would make possible large plantations 
of the uniform, selected varietiesmost useful to agriculture and industry. 

v Selected, Readings , V • 

Gentry, H. S.-1958. Jhe natural history ! of jojoba (Sitnmondsia chinensis ) and its cditlrral 
aspects. Economic 5o^wy. t^(3): i 26f-95. ^ • 

Haase, E; F.^aifd W. G. McGinhies, cds. 1,976 (reprinted). Jojoba.and Its Uses. Anlnter- 
L^national Conference, University of Arizona, June 1972 . (Available from Office of 
j. Arid Lands S.tudies, University of Arizona, 845 North Park Avenue, Tucson, Arizona 

j. 85719, USA^rice $5.00.) V ; - 

Jojoba Happenings. Quarterly Newsletter. Ahpual subscription $5.00. Published by®'the 
Office of Arid Lands Studies, University of Axjzona, see*address above. A 
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foirov, N. T. 1952.' v ;Simn>ondsia or jojoba, problem in economic botany. Economic ’ 
• Botany. 6(l):41-7. ' 

National Acadepiy of Sciences. 1977. Jojoba: Feasibility for Cultivation on Indian Res¬ 
ervations in the Sonoran Desert Regions . Washington, D.C: (Available from Printing 
and Publishing Office, National Academy of Sciences, 2101 Constitution Avenue, 
Washington, D.C. 20418, USA. Price $3.00.) 

Sherbrodke, W. C., and E. F. Haase. 1976 (reprinted). Jojoba: A Wax-Producing Shrub 
of the Sonoran Desert. A Literature Review and Annotated Bibliography, 1974. 
Offide of Arid Lands Studies, University of Arizona, see address above, Priced 10.00. 
Sherbrooke, W. C. 1978: Jojoba: An Annotated. Bibliographic .Ljpdate. Office of Arid 
Lands Studies, University of Arizona, see address above. Price $5.00. • 

. f . ■' B „ \ ^ ’ • • 

Research Contacts and Germ Plasm Supply 

. . ' / • •' \ ’ ‘ • c* • • . ! 

j Department of Agronomy, University of California,. Riverside, California 9250^, USA , 
(D. M. Yermanos) . , v > 

.Desert Botanical Garden* Phoenix, Arizona 85010, USA (H/S. Gentry) 

National Academy of Sciences, 2101 Constitution Avenue, N.W., Washington, D.C/ 
20418, USA (N. D. Vietmeyer)^ . j • '■ 

Research and Development. Authority, .Ben-Gurion University of Negev, P.O.B. 1025, 
Beer-Sheva 84110, Isfael (M. Forti) j 

University .of Arizona, Office of Arid Lands Studies, Tucson, Arizona 85719, USA 
(J. Johnson) ■ « ,1' 

Lists of research contacts, as well as suppliefs of jojoba seed, seedlings, and products can 
be found in Jojoba Happenings\ see Selected Readings. 1 • 
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ACACIA ALBIDA / 

Acacia albida* is a leguminous tree, widespread in tropical and ^southern 
Africa (extending to Cyprus, Israel, and l^banon), which,, curiously; bears its 
'leaves through the dry season and sheds 7 them art the start of the wet Season. 
•The reason'for the tree’s peculiar .behavior—in full leaf-when, mpst other 
Vplants are leafless—is not fully understood. Acacia albida has great promise as 
a forage plant in areas with a prolonged dry season. 

\ Its foliage is a valuable fodder for all types of stock. The young leaves and 
shoots are usually avidly browsed/Livestock that eat Acacia albida remain in 
good condition during,the dry season when it is often the only green growth 
available. The tree is often lopped and branches carried to the camels, cattle, 

‘ sheep, and goats. The pods, too, are eaten by livestock, especially cattle, and 
also by elephants, antelope, and baboons.; The nutritional value does not 
deteriorate on;drying (which is the case with many other acacias), so Acacia 
albida is fed dry in many parts of Africa, in : "the Sudan, trees, produce an 
average of l 35 kg of pods 7 per tree. The yield from a stand of 12 trees inthe 
Sudan has been calculated to be 200 kg of crude protein from the pods alone. 
This compares favorab/y with 180 kg of cmde protein from ^a crop of 
unshelled groundnuts. The two crops can be, and;are, grown together, since the 
groundnuts (and othdr crops) are grown during the wet season when the 
Acacia albida Me afl/ss. t 

Acacia albida is / large, thorny tree. It is sometimes shrubby, but gtows up 
to 25 m high if flowed to grow uncoppiced. In West Africa, it is generally , 
left standing in Jhe arable lands. Leaf-litter decay and excreta from grazing 
animals during the dry season enrich the soil, which has resulted in greatly 
increased yield/ There; is, as yet, no evidence of any appreciable benefit from 
nitrogen fixation py the roots, * 

The $eeds/contain up to 27 percent crude protein and are eateiiby people 
in Rhodesia/auring times of famine. The seeds are boiled tp loosen the skin and 

v ■" > ■/ . 'j ; '■ ’ : ■; .. ';•.'••• V 

*Acacia albida Del. Also known as Faidherbia albida (Del.) A. Chev., apple-ring acacia, 
winter t/orn, carpel thorn. Family: Leguminosae. >: y/ 

ITT* 
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then reboiled to separate the kernels. A mature tree can produce more than a 
million seeds a year. 

Acaqia aldida pods may be mixed with maize and groundnut meal for food 
ox combined \yitli hay and succulents for fodder. 

In southern and eastern Africa, Acacia albida is always found in riparian 
communities,- but in West Africa it also grows away, from river banks arid 
watercourses—often in cultivated lands. Its,growth patterns vary widely; 
sometimes the trees grow.singly, sometimes in groups, whose, upper branches 
grow together forming a canopy. Although it can be found iri altitudes up to^ 
1,800 m in Uganda, and as high as 2,K)0-2,500 m in the Sudan, it is more 
usually found below lilOO m. In areas where the soil is permanently moist, 
the tree is likely to remain green for longer periods than in those areas where 
the soils are only seasonally jmoist. Where there is a'bimodal j-ainfajl pattern, 
there are two flowering periods and two flushes of leaf per year.* 

The sapwood is dirtyi white. The soft, yellowish-white heartwood is subject 
to attack by borers and termites. Although it is easy to work, it springs and 
tvyists softer sawing, even when the wood is seasoned. The old bark is rich in 
tannin. (28 percent), the roots and pods are not (5 percent). In northern 
Nigeria, the pounded bark makes a packing material for pack saddles foj oxen 
and donkeys. In West Africa and Tanzania the tree yields a gum of good 
quality. ‘ •>- . ‘ • / q / 


t 



In the savanna cbuntry of Ethiopia,, the broad canopy of protein-rich leaves and bods 
of 'Acacia albida provide shade and feed forilivestock in the dry season. (H. C. D. deWit) 
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LIMITATIONS and special requirements 

Acaciardlbida trees are thorrfy. Some pods are r’eputed to taint milk when fed 
to dairy cows:' * ’ 

The seeds,„;as ih^many other species of Acacia t are 1 sometimes heavily 
infested tyith bruchid beetles. - The seedlings ar,e especially susceptible to 
insect damage, but no more so than many other native species. 


RESEARCH NEEDS ;y 

* 

Acacia qlbida deserves further investigation throughout its natural habitat to 
' determine ecological demands and'limits sucli as soil, climate, and altitude. 
Experimental, plantings"in arid regions of Central and South America, Asia, 
and Australia should be conducted, to determine: 

® The amount of fqrage produced and its nutrient yalue; * 1 

' • The effect on livestock of protracted feeding; 

• The techniques for propagating and cultivating the plant; 

, • Its potential fpr coppicing (regeneration via nev/ shoots); s' . \ 

® The effect oTbrowsprg on the plant; j •, 

® The effect, of the thorns on animals (camels don’t seem to care); 

• Thcpffeciof nitrogen fixation; and ; V .• V ‘ 

• Its potential tq-fix nitrogen. • V. -. , "'l ( * 

y > t : ' v • 

Selected Readings 

Codd, L. E. W. i951. Trees a#d shrubs of/the Kruger national park. Botanical Survey 
' Afemoirs. 26.. Department of Agriculture, Cape Jown, Union of South Africa. \ 
Dalziel, J. M. 1937. Useful Plants erf West Trdfiical Africa. Crown Agents for the 
, Colonies, LondonKp. 202. ;• ■ ^ 

Hunting Technical Services (G. 'E: Wickens).®T968. Land and Water Resources Survey of 
f . the Jebel Maria Area , Republic of the Sudan t Reconnaissance Vegetation Survey. 
Acacia albida Del.- 1 ^general survey (with special reference to observations mad? in 
the U.N.S.F. Jcbel Marra Project/. Yolume 2, Appendix IV; pp. 24-72. Food 
Agriculture Organization ’of <he LJnited Nations, Rome. (Order, number: 
LA:SF/SUD/17.) . ' ‘ , ‘ • ' 

Irvine, F. R. 1961. Woody giants of Ghana. Oxford University Press, London. 

V Radwanski, S. A., and G. E: fyickens. 1967. The ecology of Acacia albida on mantle so Is 
j \ inZalingeL, Jebel Marra, Sudan. Journal of Applied Ecology, 4:569-79. 

j VWatt, J. M., and' M. G. Breyer-Brandwijk. 1962. Medicinal and Poisonous Plants of 
J ; Southern and Eastern Africa.2nd Ed. E. & S. Livingstone Ltd., Edinburgh". 

\Wickens, G. L- 1969. A' study of Acacia albida Del. (Mimosoidege). Kew Bulletin, 
i \ 23:1 $1-202. 'r " 
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Research Contacts and germ Plasm Supply 

The Herbarium, Royal Botanic Gardens, Kew, Richmond, Surrey, Ragland (G. J?. 

Wickens) j . , * ; * ’ * ’ • 

A comprehensive list of Acacia atbida research contacts is given in a companion report. 
Tropical Legumes: Resources for the Future. To order see page 187. 



BROSIMUM ALICASTRUM ; 

■ . ■ ' • ' T o • * „ • ' • ^ 

Wherever it grows in quantity, 'Brosimum alicastrum* is much'used as stock 
feed, especially during-dry seasons when other, forage is scarce. Y&L outside 
. its natural range,, lijtle attention has been given tp its economic potential The,, 
tree could be an important forage source for any tropical area7 that suffers 
feed shortages in djjy seasons. \ ' ' I x 

Native to southern Mexico and ta. much of Central America, Bfosimum 
alicastrum is-also j fairly common in Western | Jamaica and western Cuba. 
Although.indigenous to moist forests, it lseactrjemely tolerant of draught. In 
Guatemala, Belize, and the Yucatan peninsula it! is often The principal feed for 
3 stock during drier months. ' j \. 1 

Cattle appear to enjoy the leaves and branchj tips ;\he Abundant fruit Serves 
as pig feed. The fruit’s sweet pericarp and its phestnut-like seeds are eaten by 
humans. The seeds taste somewhat like potatoes and are ^aten raw, boiled, 

^ and roasted. They] are also reduced to a meal that i$.mixed with maize meal to 
make tortillas, or! are bakeJ i with green plantain. The seeds are gathered by 
the Mayans for making their native bread when stocks of maize run ldw. 

The trees canj.be tapped and the free-flowing, milky latex mixecNvith 
chicle or drunk like cow’s milk. A related species, Brosimum utile , is the. 
“cow-tree” of Venezuela (made famous by Humboldt) which furnishes a 
potable, milk-likej 1 latex. ! 

Brosimum alicastrum wood is white, dense, hard, and fine grained. It is 
sometimes used fpr construction ancl carpentry in Yucatan. 

The commercial value of chicle (the basis of chewing gum) spurred 
. development of logging camps in the Yucatan forests. Brosimum alicastrum 
. foliage is still used as fodder for the mules that carry the chicleros (ahd 
archaeologists). At each camp, trees are felled and the branches lopped off so 

* Brosimum alicasirtirri Sw. Also knov/n as rairibn, capomo, etc. Family: Moraceae. " 
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that the animals can browse the leaves, nuts, and twigs, which they eat 
eagerly. Groves of large Brosimum alicastnim trees are considered a source of 
livestock feed equafto the best pastures. ■ 

LIMITATIONS AND SPECIAL REQUIREMENTS* 

Brosimwn alicastnim trees grow to heights'ot 20-30 m; the trunlc may attain 
a diameter of 1 m. If managed for foddefr, the plant can maintained as a 
srnalltree, but expert tree climbers are required to lpp off the branches of 
mature; unmanaged trees. / • % . j ■’ 


RESEARCH NEEDS 

The culturaTrequirements of Brosimwn alicastnim and its adaptability to new 
regions need testing. Reportedly, the-'T^e can be grown from seeds, cuttings, 
or air layers. Experiments are needed to .determine whether the tfees.can be 
closely planted and regularly coppiced n . The fodder yield of coppiced trees 
should be determined and-compared: <vtith that of* other drought-tolerant 
fodder plants, v , - - , ' .• / 

’-Seeds and leaves should be studied to determine the nutritional basis for 
their feed and food values/ .-••* -f ^.... . 

There are three named varieties in Mexico. The t $e and ; other^types/should 
be collected and evaluated as feed and food sources.. >• 

Becausej Brosimum alicastnim is related to Artocarpus communis , the 
breadfruitof the Pacific Islands, and because fermented breadfruit paste has a 
remarkably long shelf life, a study of the fermentationj md storage _behavior— 

of Brosimum alicastnim ..^eed^-and^irutf“ pericarp could ^ be of great 

im.portanqp. v > - -\, *?• * ’ V. / 

/ Selected Readings 

b '> . ^ \ o «> • j \ 

/ Martinez, M. \95^. Las Plantas Mcdicinales dc Mexicd..Ath cd. Ediciones. Botas, Mexico, 

<- p.,F., Mexico. i 

' Paraohejeda, E; and C. Sanchez Munoz. 1-977; .Bjrosiriium-alicastruin '(Rdhion t -.CapomQ,. 

.?•- Qjite, Ojoche) Recurso Silvestre' Tropical Desaprovechado^ Instituto de Investiga- 
: clones'Sobre Recursos-BioticOs, A.C.I, Xalapa' Ver., Mexico. • 

Pen'ilffi^on,T. .D., and J. Sarukhan. 1968. Arboles Tropicqles de Mexico. PAO and In- 

_jtituto Nacional de Irtvestigaciones Fjorestales, Mexico, D.F*, Mexico. , . ■ r ' ■- 

Souza-Novelo, N. 1950. Plantas Aliment icias y Plantas de Coridimento que Viven en 
Yucatan. Instituto Tecnico, Agricola’-Weneqiienerc. Merida, Yucatan, jV Mexico. - r/ 
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Research Contacts and Germ PJasm Supply 

Biochemistry Departments Laboratories Nacfonales de Fomento Industrial} Apartado 
Postal 41-537, Mexico 10, D.F., Mexico (E. Arias-Torres) 
lnstituto de Investigaciones sobre Recursos Bioticos A.C., Apartado Postal 63, Xalapa, 
Ver., Mexico (E. Paido/Tejeda) ' 

Jefe de Campo Uxmal, Centro de Investigaciones-Agricolas de la Peninsula de Yucatan, 
Calle 31-A, No. 144, Col. ^ueva Aleman, Merida, Yucatan, Mexico (P. Villanueva P.) 
Quimjco Biologo, Calle 57 ^474-C, Central Pediatrica, Merida, Yucatan,^Mexico t (F. J. 

C$denas-Patr6.n) *,.-V * * . 

m . . . \ >* 


CASSIA STURTII 


Cassia sturtii*, a beautiful yellow-flowered shrub from the arid and semiarid 
regions of southern Australia, was introduced into J^raei'-as an ornamental 
plant. However, recent research conducted at the Research and development' 
Authority of the B.emGurion University of the Negev in Beer-'Sheva, has 
showp that it has great potential as a perennial fodder bush. ~ 

Under, the conditions of the Negev desert, it has, demonstrated better 
year-rc|und palatahility than any bush .yet treated {A triplex spp. [see page ' 
122 ],Kochia spp., other Cassia spp.^-etc.). It has good^grazing resistance and 
The leaves- have/a high protein epnteri^—about 11 ^ percent—arid' annual 
dry-matter yields (in two grazing periods) Ijf about 1,000 kg .per.ha in a 200 
mm. rainfall area. .. 

The plant yields well in areas of 200-250 mm of wipter rainfall, Jmt also 
thrives in areas ^f, higher rainfall. It will grow in a variety of soil types, 
including.sandy and slightly alkaline soils,-but does bes?t in loamy soils, a; 

Seedlings prepared in a nursery may be transplanted to the field 6-12 
months after planting. If the soil is ram moistened at transplanting time,- no 
irrigation is necessary. Under the conditions of the northern Negev plants 
|row, quickly enough in loamy soil for grazing to start 1-116 years after 
transplanting. Although seeds planted directly in^the field grow successfully, 
-qyerall groWth-is slower than when the transplanting method is used; Orice 
established, the plants will voluntarily produce! daughter plants hr^the 
neighboring area’ 1 , ‘ / --J V f . 

*Cassia sturtii R. Br. Fimily:.Leguminosae. ■ * . ' , .* 
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Ungrazed Cassia sturtii. (MI Forti) 


LIMITATIONS AND SPECIAL REQUIREMENTS 


It has been /claimed that sheep and cattle rarely graze Cassia sturtii in 


Australia, -its) 
are consider: 


homeland; this should serve as, a warning to researchers who 
ng introducing it into new areas. Only small-scale plantings 
should be 'attempted at first, and palatability trials should be in&tityted early. 

The.field trials in Israel included only a small percentage of Cassia sturtii 
within any grazing area. There has been no "indication of any toxicity. 
However, with such a small proportion of'the plant being consumed by 
livestock, toxicity may not have been evident; 
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- * '' > \ " I ’ ‘ ■ '■ 

Selected Readings r . ^ ^ • * 

- • ’ 
J&mnon, W. A.- 1921. Plant Habits and Habitats ui-the Arid Portions of South Australia-., 
Carnegie Institution of Washington, Washington, D.C, ' * ’ 

Forti, M, 1971. Introduction of Fodder Shrubs and Their Evaluation for Use in 
t Semi-arid Arefls&f the North- Western Negev. Negev Institute foir Arid Zone Research 
t (. Beei-Sfoeva. ^ • ~T. • «, " ** 

Imperial Agricultural Bureaux. 1947. The Use and Misuse of Shrubs andJfeek'as Fodder. 
Joint Publication No.-10. Imperial Bureau of Pastures and Field Crops> Aberystwyth, 
Imperial Forestry Bureau, Oxford, Imperial Bureau of Anin/ial NutritiQU^Aberdeen. 
iSymon, D. E. 1966. A revision of the genus Cassia LA < Cjiesalp;iniac«ae-'m i - Australia. 
Transactions RoyalSgaeiy of South Australia. 90:73-151. 

Research Contacts and GerniaPlasm Supply x 

Botanic Gardeij and State Herbarium, North Terrace, Adelaide, South Australia, Aus¬ 
tralia ■: ' " * ; ■ ' ' ,' • • - 

Research and Development Authority,' Ben-Gurion^University of the Negey, P.O.B. 1025, 
Beef-Sheva. Israel (M ia Forti) - 9 ■ * 

Waite Institute of Agricultural Research, Adelaide, South Australia, (!>.• Symon) [.no seed] - 


SAET.BUSHES 


Saltbushes of the genus A triplex* ^ grow throughout the. world. They are 
•highly salt tolerant, and many are perennial shrubs that remain green all year. 
They make useful forage in arid zones of the world. For example, A triplex 
nummularia grows weli in deep soil'with only 150-200 mm annual rainfall. 
They resist temperatures as low as -10° to -12*°C^withstand heavily textured 
* soils, and tolerate salinity in soil or water. ^ 

Research indicates that the nutritive value of A triplex nummularia and 
Atriplex halimus is high: both have a digestible protein content averaging 12 
percent of the dry matter (abdut the same as that of alfalfa). With only.200 . 
mm of rainfall these two species have produced 1,000-1,500 feed units-per 
ha, which is about. 8 to 10 times more than a good,native pasture produces 
under , the same conditions.! They have survived (but without reproducing) a 
12-month period with only 50 mm rainfall,! 


* Atriplex spp. Commonly known as saltbushes. Family iGhenopodiaceae. 
fMalet, 1969. Ziani, 1969. See Selected Readings. 
tFranclet and'L^Houerou, 1971, See Selected Readings. 




Awassi ram lam£ grazing Atriplex canescpns during thejjeight of summer. This species 
has proved to't^e one of the>most palatable in trials in ^Israel. (MH?orti) 


















124 UN|>EREXP^).1TED TROPICAL P.LANTS 

A triplex muTmularih* although not considered a -tropical plant' reaches 
t into some tropical areas of. Australia,* Because, of it§ Siportantfe as a forage 
^ plant for arid and semiarid aieas, it should be among the first'to" be 
r introduced into regions with similar elimatff. It is one of die most palatable of 
the atriplexes and is highly drought resistant. It has been introduced into 
Israel, South and North Africa, and'mtjo several Sou A American countries for 
testing as a forage plant; yields in Israel have b^n high. n ; 

A triplex canescens arid A triplex canestem ssp. linearis. are-;North American 
species that grow ift semiarid areas where" spring and fall rainfall patterns are 
typical. These plants have as high a nutritive value as A triplex nummulariL. 
Palatability is similar to Atr^adex numntularia; they are eaten by sheep and ' 


Atriplexes will grow in saline soils because they have a mechanism fpr “excreting.” 
the salt that their roots absorb. Hairs on. the leaf surfaces swfcll (as shown here) and 
accumulate salt; eventually they burst, scattering the salt over the outside surface of 
the leaf. (J. R. Goodin) . - . 









cattle. In Israel/ shcep / prefer them in the dry season: la a^ix-ed system of . 
shrubs and.nati^ahnu»l vegetation,.,tliq,se and.jQthcr"newly iatred^ced spskissA 
have”‘sustained/sheep at the rate of 3 sheep .per ha in an area of 250 mm . 
annual (winterrainfall. , v • 

In. Israel add /North, Africa, A triplex halimus , a Mediterranean species, has 
proved more taarcfy4han , '^feff'lJiei canescehs ■ or xW^mmmularia;, liowever, it ’ 
is' less p^atable. It will grow in shallow .soil and on slopes where the others 
cannot survive. Sheep, and cattle- show a preference for it during the 
rainy wintei season and in early spring. It does well with a rainfall of 200 inm, 
in winter, but should be .planted or rotated with species more palatable in the 

dry summer and fall. , M . ....' ' 

Atriplexes are salt tolerant, laboratory experiments'have demonstrated 
that A triplex halimus , for instance, will grow adequately when hrigate.d with 
saline (nutritive) solution containing as much as 30,000 mg/liter of sodium, 
chloride.* They excrete'Salt by forming small salt-filled bubbles (vesicles) on 
the leaf surfaces; When full, the vesicles burst, releasing the salt to the wind. 

Atriplex cultivation is simple* Seedlings or cuttings are grown in a nursery 
for 3-§ months ap# then, planted in'the‘ fields ,(1 m.by 5 in apart) early in 
spring, preferably after rain. Normally atriplexes may be grazed ^hen they . 
are 1.5 m high, which is often in the second or third year. Native stands of " 
Atriplex halimus yield about the same, amount of browse and woo’d. ' 

■Atriplex is now cultivatedlin Tunisia as a fodder c^op and several hundred' 
additional hectares are planted, every year. e ; r - ' . 

. Althougli only four 'specie^ are mentioned here,, other A triplex ’species 
should be considered by researchers testing the use of atriplexes for arid-zone 
fodder.,, •. >• V . . ■.' , 

LIMITATIONS AND SPECIAL REQUIREMENTS ‘ , 

/ " ' \, ' ' , ' 1 . 

Some scientists have questioned the/palatability diA triplex species. However, 0 

numerous experiments aipl, the experience of farmers" 0 show that A triplex is 
accepted by livestock during the summer and fall (winter and early spring in 
western Unite'd States rangelands) when there is no green feed on the ranges. 

Under saline conditions the leaves may have surface deposits of salkJhat 
may limit intake by livestock, especially when drinking water also has^t high 
salt content or is in short supply. Low levels of oxalate have be|$f*found in 
Atriplex, but they are well below harmful amounts. e v< ^ • o 

*Zid, 1970. See Selected Readings. For. discussion of the importance”q£ salt-tolerant 
plants to the development of arid lands see More Water for find Lands, Bg^TID 
Report Number 14/ Available without charge, as noted on pag,e 187.? , • 
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The plants must first be nursery grqwn, which is a- limitation because it 
increases investment cqsts/' ' \ j , V ' 

Tn many areas A triplex species attract rodents and other wild animals, 

■ which consume-the seedlings before they have a chance to. grgw. ■ , " * 


RESEARCH NEEDS 


There is urgent need for large-scale field trials with atriplexes.^Managepient 
procedures, which could prove oh vital importance? haVe not <{)een‘investi¬ 
gated. Improved methods for sowing seeds directly in the field need to be f 
developed.^ f a ’ . 

^ Differences 4 in salt'resistance, drought resistance, salt content, leafiness, 
\md palatabiiity have been observed within populations of several species. 
Tferefpre, ,a> wide - research field Is open in plant genetics,^physiology, 
ec r 6physK)lpgy ; j and nutrition. . , > v % 

‘ u Selection -arid breeding could greatly improve yields, raise prqtein content, • 
and reduce tbpdc substances. Geneticists should aim at selecting varieties that 
are shaped to make edible parts more , available to" sheep and cattleVarieties 
that tolerate"defoliation %ell and that have a vigorous pattern oCregrowth- 
after browsing are also needed. . ‘ a •• 


Selected Readings«\ 

Bonsma, H. C., ancf G. S.^Mai^ 1972. Cactusqnp Oldman-Saltbush as Feed for Sheep. 
department of Agriculture and Forestry Biflletin No. 236. The.Government Printer, 
Pretoria, South Africa. 

Ford,' M. .1971. Introduction of Fpdder Shrubs and Their*Evaluation for Use in 
Semi-Arid Areas of the North-Western. Negev. Negev Institute for Arid Zone 
Research, Beer-Sheva, Israel. 

Franclet, A:, ancTH.N. Le Houerou. 1971. LesA^triplex en Tunisie et en Afrique dU.Nord. 

J (English and French editions) Institute de Roboisement, Tunisie, FAO, Rome. 

Imperial Agricultural Bureaux. 19471 The Use etnd Misuse of Shrubs^ and Trees as Fodder. 

' Joint Publication No. 10. Imperial Bureau of Pastures'and Field Crops, Aberystwyth; 
/Imperial Forestry Bureau, Oxford; Imperial Bureau Of Animal Nutrition, Aberdeen. 

Jones, R. M.-ef al (Ed.)\L'970. The Biology of Atriplex. Studies of the Australian Arid 
Zone. Commonwealth Scientific and Industrial Organization, Division of Plant 
Industry, Canberra, Australia. V . > ; “l • 

Lachover, D., and N. Tadmofe. 19651 Etude qualitative de VAtriplex halimus conune 
plante fourragere poUssant dans les conditions semi-axid.es d’lsrael. L’Agronomie 
Tropical. 20:3, 13.^Pdris. ; ' a \ •' % 

Le Houerou, H. N. 1924. The Useful Shrubs of the Mediterranean' Basin and the Arid 
°Trypical Belt South of the Sahara. Plant Division, FAO, Rome. 
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Be Hou&rou, H. N. .1970, North Africa: Past, Present, Future. In Arid Lands in - 
Transition, Ed., • Harold E. Dregne. pp. 22.7-78. American Association fbr .the 
'Advancement of Science, Washington, D.C. • ' ■ 

Malet, P. H. 1969. Premiers Resultats dlun Essai d Atriplexmummularia.w sol A'rgilJeux 
non Sale et sous Pluviosite Naturette a'Mendi Zittow dans'la Plaine di*Kairouan. 
Document Technical* 133. Centre de Recherche.de Genie Rural, Tunis,. Tunisia. 

Plummer, A. P., S. B. Monsen, aiyl D. R. Christensen. 1966. Fdurwihg' Saltbush, a' Shrub 
for Future Game Ranges. Utah State Department of Fish and Game; Publication- 
664. Salt Lake City, Utah, USA. . t . .. 

Rodin, L,, B. Vinogradov, H. Kalemov, Yu. 0 Mirochnitchenko, N.' Pelt, and Vo,. 
Botschantzev. 197C^, Etude Geobotaniaue 'des Paturages du Secteur"Ouest du .JJe- 
partement de Medea (Algerie). Inst. Bot. Leningrad. • ' ■ . , 

Sarsori, M. 1970. Resultats d'un Essai sun V.Alimentation du Mouton en Periqde de 
Disette Fourragere au Centre d’Ousseltia. Technical N§te 6. FAO; FSNU/Tun 17 A . 
Tunis, Tunisia; # , ' • • •# a .. - 

Utah State University. 1972. Wildland Shruffs-Their Biology and Utilization .*United 
States Department • of Agriculture Forest Service General^Technical Report INT-1. 
Intermountain Forest and Range Experiment Station,Ogden, Lftah, USA- .* 

Wilson, A. D. 1964. The Sodium Intake of Sheep Fed with Atriplex sp. lochia sp. 

Commonwealth Scientific and Industrial Organization; Division of Plant Industry, 

. •<! 

v. Melbourne, Australia/ . •* ' D 

Wilson, A. D. 1966. The value of Atriplex (saltbush) and Kochia (bluebush) species as ^ 
* food for sheep. Australian Journal of Agricultural Research. 17:147-53. 

Ziani, P. 1969. Exploitation des formations naturelles d’A triplex halimus. Commission 
pour . l’Etude des 4rnp/ex. Doctifn'eht JNo. 13, Institute National de Recherche 
Forestiere de Tunisia Tunis, Tunisia. • \ 

Zid, E. i970 .sfaflumc&'dit-.lQhlongre ide Sodium sur la Croissance. et . la Nutrition 
Mlnerate- d f Atriplex halimus’ vary halimus. Centre de Recherche du Problem Zone 
Aride, Tunis, Tunisia. - - .' • * > ’ ’• .. . 

••' . "■ i ‘ A ; 

. J : Research Contacts and Germ PlaSm Supply 

CSIRO, Division of Land Resources Management, Private Bag, P.O., Wembley .Western 
Australia 6014, Australia* ■ ,• i 

Department of Agriculture,. Soils Division, Jarrah Road, South Perth, Western Australia,. 

6151, Australia (C. V. Malcolm)’ r ' < 

Department'of Biological Sciences, Texas Teth.Umversity, Ljibbock, Texas 79409,’USA 
(J. R. Goodin and D. K. Northington) 1 ■(., « & a 

Department of Environmental .Sciences and Plant Production, Coordinator of the Saftpl . 

-Program, ILGA,*P.p. Box 60FBamako^Mali (H. N. LefHoueYou) 

Great Basin Experimental Area, P.O. Box^04, Ephraim, Utah 84627, USA (A. P. 

Plummer) * ' . . 

Range Science Department, Utah^ State University,4jogan, Utah 84321, USA (C. Nl. 

, McKell) " . / ’ .• ; ' ° 

Research and Development Authority, Ben Gujisn University, P.O.B.T025, Berr^Sheva, 
Israel’(M. Forti) , . . s V < ■■ C ! ’ " 
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TAMARUGO “ ■ ; . 

" v; :, - /: • > ■ “ . . ' \ ' ; " 

The tamarugo* gjows in the fatbidding -Atabania Desert of northern Chile 
where a salt crust several feet thick covers the soil. Few useful plants can • 
survive the* extreme conditions of tamarugo’s, native habitat. In salt-, 
devastated regions of suitable;climate,rtamurugofan.evergreen plant, could 
become a year-round fodder supply. Its pods, leaves, and se^ds are nutritious 1 ° 
and palatakte, and it is used as fodder for sheep and goats. „ 

The tamarugo is a sparsely brandling, leguminbqs tree averaging. 20-25 
feet in height. Chile’s nitrate industry used tamarugo timber extensively for 
" fuel and construction in the .early 1900s. A 300-ha plantation was 
\ established to replace alrfvo&G extinct tamarugo woodlands. The first 
livestock experiments were conducted in 1962. As a result, a 40,000-ha 
tamarugo projects now under way; 25,000 hectares have already been- 
planted.’ ,w ; * , . '• 

To. plant ’tamarugo; holes are cut through, the salt crust. The seedling jis* --’ 
planted well below tKe/suiface $6°it will reach the water table. This deep 
' planting also protects %.e -seedlings from desiccating winds. .Seedlings have 
V shown a 95-rpercent survival rai^^ with.just ^ single irrigation at transplanting. 

The i(Tcijt' seedlings grow to crh in theit. first year; within 5 years they 
'^are strpng enough |to withstand grazing at. a rate equivalent to 1 ewe per ha. 
(After 25 years the sheep and goats are" stocked at^a rate of 1.0-20 animals* 
per ha—the maximum that cme hectare can sustain.) The. trees are pknted at 
100-120 per ha. \ \ • .. • 1 \ . 

*;Rain is scarce in | tlie region (sometime's absent for as long as 7 years), but 
the trees receive moisture Jrorn a foggy ^drizzle and from the slightly 
- brackish water table,, wliich is h-2 m belowUhe surface and is fed by runoff v 
from the nearby Andesr .. : 

Now gro.wirigthrough the -saltja^ woodlandfcif tatnarugo is supporting 
, sheep^at rates compaiabje to those of hj^i-<juality pasture elsewhere’ in the 
v' world. Tlie sheep thrive, proving the payability. and nutritional value off 
- tamarugo as forages Since 196d ‘over - 5^000 sheeps have been maintained on * 
' tamarugo plantations. Angora goats and Karakul, Merino, Romney, and 
. English Suffolk "sheep' ate^used for §ither, wooT-productiqn or meat. Meat 
from tarharugo-fed§heep has. an acceptable flavor. Merinos have produced 
more than 4 kg of waoL^er animal. / \ •«. • • \ • f 

A pilot introduction of 2,000 trees for goat^ fodder was established ^n 
highly saline soil brfLas Palmas in the Canary.,Islands.inJ.973. 

■ . ... •• v • ' , 

. r V- 0 / ^ • - '•••* 

*ProsOpis tamarugo Phil. Family: Legunlfnosae. 






Tarqarugo’s higli-protein pods ui^d lea 

r * L;' 

LIMITATIONS AND SPECIAL REQUIREMENTS 


Because little is’known of. the enviidfunental consequences t>f introducing 
tamarugo to new regiofis, care should be taken that it does not become a 
, pest. In extreme cdriditions similar to those in the Atacama Desert,It should 
be safe, but i£s aggressiveness in mor^ hospitable regions is unknown. * 

- Little is known of the economics of its plantation and use? 

It/is possible that the high-protein tamarugo diet may result in decreased 
.fertility; rams should not be held permanently on.the tamarugo plantations. 
Animals feeding on tamarugo require supplementary* rations of cobalt, iron, 
tnagnesiupi, and vitamin A.’ . t 

■ Since tamarugo is the ,only ; plant that does well in *such harsh’ 
environments, a monoculture has been established. If disease' ©r pests 
develop there will be few, if any,- alternative sources of fodder for the, 
livestock. 'Economic disaster might result. r 

A thorougli pollination is essential because up to 70 percent of the fruit 
can be lost to insect pests. Throughout tamarugo plantations in Chile 
seedlings of the related algarrobo (Prosopis chilensis Sfuntz) are occasionally 
introduced. The .plants are not palatable to, tlie sheep, but their earlier 
^flowering provides food for the wild bees that pollinate the taniarugos. 

Tamarugo pods need'extepsive leaching befor^ they can bp eaten by humans. 


FORAGE. 





RESEARCH NEEDS 0 „ ,y 

■B ' . - ’ ' .• * ^ . • -. 

. • • ‘ „ . ’ ' ' "V. 

Pilot trials P to rais„e tamarugo in Central America, northeast Iftazil, the : 
Middle East, and arid-regions in Afrita are recommended. # 

Th^amarugo is (outstanding in its ability to fesist salinity stress. It^could, 
serve as' an experimental plant for investigating the-physiology of salts* 
resistance. Such ^experimentation c&uld also, lead to means for raising 
tamarugo’s productivity, 

■Selection qnd 'breedinglhethods to develop strains with higher yields of 
pods are badly needed; as*yet no such research has been.attempted. • 

Other salt-resistant* species must‘be fourth to interglant with tamarugo.*' 
The economy of a plantation will then not be so dependent on.the. f§|e of a* 
single species. . . 0 / ‘ 

v\ ... ■ ’ - 

Selected Readings 

Elgueta Salinas,- H., and S. Calder.on Sanchez. 1971. Estudio del tamarugo cQmo ■ 
procfuctor de aliment© del ganado lanax. en la Pamp^ del Tamarugal. (A study of 
tamarugo. as producer of forage for sheep in the Pampa del Tamarugal.) Inforpie 
Teatoidgiao. 38:1-36. Instituto Forestal,- Santiago, Chile. 

Kirby, J. M. 1972. Chile’s tamarugo project. World Crops. 24:296-8. 


Sheep .being fed^among- the tamarugo trees in Chile’s Pampa del TamarugalV-Th^is^bne 
of the rhost salt-devastated areas in the' 'world' 1 and rain is often absent «for years on end. 
Nevertheless, sheep, are raised* on tamarugo at "stocking rates approaching those 
obtainable on good pastures in temperate countries. (M. Sarquis) 1 ^ 






/ 


Programa. Cooperative) F AO/BID. 1,970. Inform Sobre el Proytcto de Plahtaciones de 
Tamarugo y explotdcion ganadefa en el Norte Grande, Chile. Informe Numero 1/70 
Cli. l.b. 1 Washington, D;C. 262 pp.. Available from FAO Regional.Office, Santiago, 

' "Chile. . \ "/ ' V\ / V '• ... ' V • ■ 

Sudzuki, H. F, 1969. Absorcion Foliar de Humedad Atmosferica en Tamarugo (Prosopis 4 
tamarugo Phil.) Boletin T^cnico: # 30, Universidad de Chile, Santiago. 23 pp.. 

' (Available from author, Escuela Me Agronomia, l^partam'ento'Bbtanico, Campus\ 
Antumapu, Santiago, Chile./y I • \. *' 


Research Contacts /and Germ Plasm Supply * ‘t » 

Fernando Espinosa, BrownTNorje 137IK, Santiago, Chile _ . *■ \ ' ♦ - 

Escuela. dc Agron-omia,,De()artainento Botanico, Campus Antumapu, Santiago, Chile (F. 

» Sudzuki) tek?! ‘ ’o • \, 

FAQ Regional Office,xfasilla 10095, Santiago,-Chile (M. A. Habit) v >\ ; • 

Mario Sarquis, Isabel la Catolica 4827 (Los Condes), Santiago, Chile V> 

Research and Development Authority, Ben-Gurion University of the ,Negev, P.O.B, 1025, o 
Beer-Shcva, Israel (3'Schechter, M. Forti) . ~ 







VII OTHER USES 


BUR1TI PALM 

• ; . • M' 


The buritTpalm,* which grows by the millions throughout the Amazon basin, 
Venezuela, and the Guianahas a remarkable rahge of uses. It is known as _ 
the, tree of life because some Indian tribes depend on it for all aspects of their 
livelihood—food, drink, shelter, and.cfotbing. j 

It may well, be the most plentiful palm in Sodth America, yet only minor 
attempts have ybeeri % made at commercialization.. Potential products from 
buritu include oil and starch for food; wine; timber; cork; and industrial fiber 
for twine, sacking,' nets, t and hajnmocks. Feasibility studies of buriti 
production’ and exploitation are recommended to,.; researcher's, private 
investors; and government agencies. ' \ . 

Bur it 1 palms grow mostly at; low altitudes iii groves near swamps and , 
springs in damp soils that’ are useless for agriculture. Their presence often 
indicates th,e existence of water in dry country. \ 

The bur it 1 have leaves 3 m long arid reach heights of 25 in. The green, 
scaly fruit is roundish (abput t&e size of-an egg) anchgrows in bunches. After 
scraping, the fruit is" soaked to soften the scales that cover the thin pulp. It 
has a pleasantly; sweet, tapgy taste andjs reported toarave as much,vitamin C 
a? citrus fFuit. The fruit could be canned oh candied and would probably 
enjoy wide distribution* The fruit pulp contains 8,-9 percent edible oil; which 
contains 3QQ mg. of beta-carotene per TOO g. This ; oil is said to produpeThore 
vitamin A. than any other oil (and even, more vitamin A than, carrots and 
spinach). ; /. \ \ ... ; • • r 

The kernel inside the fruit is contained" in a 'woody sOl 'that .cracks-fairly 
easily. It yields almost 50, percent of a light-yellow oil that can be extracted 
1 with equipment already usee) for other oilseeds.' Bpfiti kernel oil appears to 
be similar in. qualityHo more commonly used vegetable o’m such as tKatTrom 
the African oil palm kerrfels. V ' ■ / - ;■ \ • v «. . 

Its shoots can be harvested fotv‘‘hearts pf palm” (see page 48}, A sago- 
like star ch, roasted by Amazo n i ndians^to make a bread,-Is obtained from 


the pith oh its trunk. (Buriti coula^ms'o'. be a suulCe . lot iiyiusiiul staieli.) 

* Mauri tia f JlexuQsa L. Also knowipds Mauritict vinifera Mart,, miriti, muriti, mpriche, 

. muriche, ite, aeti, aguaje (Peru>/FamUy: Palnme.- - 
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Wines are often made, by the Indians from the fruit and from the sweet sap oh 
the trunk and unopened flower cluster (inflorescence). 

The hard outer part of the trunk yields light (but tough)- bunt 1 wood, 
which is used locally, much ih the manner of balsa wood, to make rafts and 
floats. A"cork-like 6 material obtained fro'm 'the leaf-stalk (petioles) has been 
* Used in the manufacture of sandals and fot bo.ttle-top linings. 

/ Stripped from the outer skin of young leaves is a .thread-like fiber that 
/ makes a strong twine. Though not fully-tested, the fiber’s wide use in lndian 
' fishing nets?.hammocks, ^rnats, hats, and paskets indicates that it deserves 
'further research. ’ ‘ ; \ - V \ 


LIMITATIONS AND SPECIAL REQUIREMENTS , v \ 

•. ’ ■ ' -v" 4 

^WheXburiti palm has seldom been grown outside, its native 0 Tiab it at. Thus 
nothing is known of agronomic restrictions that will limit its use elsewhere. 
F§r example, its soil requirements and yivironmerital tolerances are un¬ 
known. It may be limited to swampy locations, but it seehis likely that if 

_seedlings are germinated-artificially-thn -buHtf-ean be grown- tcrmatujity in" 

drier climates), f • ' y - 5 , 



Mauritia fruit in the.Colombian Amazonia. (R. E. Schultes) 


Mauritia tree. ,(R. ErSbhuIte?) 































Sgg ' s $ 


Blocks oI paste made Qf the fruits of the/Buriti palm cooked with sugar, here being sold 
By.stre.etiV^endors in^Ciudad Bolivar, Venezuela. (J. Morton) ' « 


«■ RESEARCH NEEDS 


The agronomic requirements to /produce buriti in plantations "are virtually 
unknown. Therefore i|fl ;factors/affecting the feasibility of cultivation and 
’ harvesting should be* explored before it can be mass cultivated outside its 
native; South American* soil. The economic aSpects of harvesting and 
processing the wilistands also require extensive study. r \ 

3 M4ny opportunities exist for Research and testing of buriti products in 
food, 1 fiber, and timber industries,, Testing should involve methods for 
obtaining the raw products as well a? their formulatioil and fabricatipninto 
marketable items. .Obviously, this work" will have to be done in the northern 
South American countries whem/the plant is now available in quantity. 

Many of the points madeSfee about buriti also 0 'apply to §ome other 
neglected trop ical palms , OtheWworthy o f research are Areng a pinnata and 
Ny.pa spp. that are native $o Southeast" Asia. Arenga pinmfa ~for example, 
grows in drier soils thanhuriti and'it may prove superior to buriti in regions 
where the waterlogged.spils are taken up with ri,ce cultivation: 


UNDEREXPLOITED TROPICAL PLANTS “ 
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Selects Readings ] • 

\ Braunj^^r968. Cultivated paints of Venezuela. PrincipCs. 12:111-3. 

Dugand, A. 1972; Laspalmeras V el hombre. Cespedesia. d(T&2):31-97:„ 

Comer, E". J. H.' 1966. The Natural History of Palms. University of California Press, 

-f ' Berkeley arjdrTds. Angeles, USA. - 

j Dod^ C. R. 1897. Descriptive Catalogue ofJJseful Fiber Plants of the'World # 9. 9 tl.S. 

'j‘ De*p^rtme^,t of Agriculture, Office of Fiber Investjgatlons, Washington, D.C. ■ ' ; 

1 .Perez-^belapz, E. 1956. Plantds Utiles de Colombia f Ed. 3. Roldan, Bogota, Colombia* 
Seemanri, B: 1856. Popular History of the Palms and Their Allies. Lovell Reeve, London, 
"England. • "'!*/, i & ; 

! Sombroek, W. G. 1966. Mauritiaceae* Amczort Soils: A Reconnaissance’of-the.Soils of 
the Brazilian Amazon Region. Wageningen. Cem. Landbouw Hoge School Publ. 
-’Veraljagen Landbouwkuhdige onderz. ’• ' 0 

\* Suarez, 1966. Les utilisations du palmier “Nforiche” (Mauritia flexu'osa Lvf.f chez les 
Warao du-Delta de. t’Orenoque, Terri,toire Delta'. ^Amacuro, Venezuela, Jbprnaf, , 
d’Agriculture Tropicdt et de Botanique Appliquee/13(l/3):33-S. . L - , 

Wessels iBoer, G. 1965. fhe^ Indigenous Palms of Surinam. E, J. Brill, -Leiden, 
f'-.f Netherlands. ’ . j • 


* Research Contacts and Germ Plasm Supply 

^Bailey Hortorium, Cornell University, Ithaca, New York l485T, USATH. E. Moore)’ 
CEPLAC, Itabiina, Bahia, Brazil (P. ,d£ T. Alvin) ° ' •*, 

0epartinent of 'Botany,' Smithsonian Institution, Washington, D.C. 20560, USA (R. v/. 
/ Read) • ' • ' .: ./ : * ' 2. . '' o . . <""$?-■ 

Morton Collectanea, University of Miami, P.O: Box 248204, Coral Gables, Florida'33124, 
USA (J. f: Mo'rton)/ 0 . .% • A 


CALATHEA LUTEA 


Calatheaf lutea* is a tall, large-leafed herb .that grows in semTinundated or 
upland areas and along river banks.in South and Central America. The coating 
Jbn its leaves is a potential source of commercial, wax that i§ ( similar to, and 
can be used for the same purpose s as, c ama ub a, the best wax known. Extract- 


*Calathea lutea ( '(Aublet) Schultes. Also krtbwn as cauassu, casupb, hoja blanca, and 
bijao. Familyj Marantaceae. * * - x 






UNDEREXPLOITED TR0PICAL PLANTS 


Calathea lutea growing in waterlogged soil in the Amazon Basin. (J. M. Ldrobo) 


ing wax from Calathea lutea coujd- be developed into a 1 productive cottage, 
industry, particularly, suited to isolated .regions. 'Because,, the chemical struc¬ 
ture of such fine waxes is difficult to synthesize industrially, 1 natural p-roducts 
have ah edge over synthetips.*. FurthermoreA carnauba wax is in great de¬ 
mand, and its pricers'rising because of the expense and difficulty of obtain¬ 
ing it from the Brazilian palm Copernicia cerifera, ■ > / 

Calathea lutea grows 7 naturally in dense stands along Amazon River banks; 
it is readily accessftde'and its harvested leaves can\be easily transported. 0ut it 
is also a potential pew plantation crop for regions Outside it§ native habitat. It 
"should be test planted along rfve'r banks elsewherp in the-wet tropics (ih such 
places as Southeast Asia, Papua New Cuinea, Central and West Africa, andxthe 
Guianas), especially in newly logged or semi-inundated axeas. This species is 
one of the first secondary-growth Species to colonize newly distdrbpd areas. 


‘See also Candelilla page -141 and'Jojoba page 105. 
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The wax (knc^vir^S'cauassu wax) pceufs as a thin layer on the underside of 
the leaf. The growing leaves mature la 9 months and have an average 

yield of 0.7 g wax.^his waxrcanbe removed easily/without machinery, but ^ 
,eontaifis a resin which, for sorge end uses, must ° be, removed by solvent . 
^extraction. • ' /**' Q ; f 4 \ . ° , 

Calathea lut(& \s easily propagated from seed or from pieces of rhizome by^T 
simply pushing- thejn info the .soil or mud and leaving the^'to. sprout. A‘s/ 
many as 75,000 plants can grow an one hectare. One harvest is possible the 
first year; thereafter two harvests per year result in art annual.yield of 800 kg ^ 
of crude wax perjia. - 

' • ■■ r '■ . • - /. « ■. . I, 

LIMITATIONS AND SPECIAL REQUIREMENTS " - j,, 

■- ■ ■ . 1 ■ V . ! ■■ 

The major problem is the difficulty of extracting the wax from theJeaves. 


RESEARCH NEEDS V 

-• a*-;' • •.--^v ■ -- *. rj; ' _ /; • i x 

Chemists 2 j.rid ^engineers are needed to develop more efficient techniques for 
separating the ^wax from the leaf; After th sCamh&Uufea leaver are dried* the 
wax otten flakes off easily, Which. may*become an c important processing' 
consideration. " ; - * < ; '*. / , a ■ 

'•. There seems fo’ x be an immediate market for-cahassu wax. In the Amazon 


regions, where the plant now growsin dense stands } small industries could be 
set up immediately> ..perhaps" in the communities developing along the 
^Trans-Amazon Highway. /- . * • ■ ■ c . , 

"The entire Marlntaqehe family should be examined for species with higher 
wax yields than Calathep. lutea.- ■ & 

Ojtheirwaxy species'! of Mararrtaceae that deserv^. particular attention ale 
(sctindsiphon leucopliaeus (P. v & E.) Koerm ar>d Monotagma rhodantha 
Maguire Sc Wurdaek. however, these are more restricted in distribution than 
Calathea lutea\ they |fe smaller planVs F , and not so good at colonizing new 
/areas. Thus, for cultivation they may require more attention 

? A program is needed for- selecting;'and breeding natural strains that have 

high wax yield. b ^ . ; - •' ’> • ■ , 

A number of dalathea species have edible roots. Some examples are 
Calathea allouia, cjdathea laiifolia^nd Calathea macrosepala. Their potential* * 
to become important food crops has not been systematically evaluated. 
Research couldyprove rewafding. 

• *'■>■/* * ' '' * * • ' ^ 
/ » •• . f ^^ 

*One member of the panel (Mors) has' not been able to duplicate the yield of 0.7 g wax^y 
from a lei^20 X 50 cm that;^reported in the literature. 
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Selected Readings , • • > . 4 

Acbsta-Solis, M. 1973. Produccion de ceras vegetales. La Htkiendal 68(10):20-2. 
Anonymous 1944. Lower-Amazojji plant has possible commercial value. Agriculture in 
v tfie Americas. 4(2):37. 

Mbrs, W. B., and C. T. Rizzihi. 1966. Useful Plants of Brazil. Holden-Day, Inc., San 
Francisco. , 

Standley, P. C, and J. A. Steyermark. 1952. Flora of Guatemala. 24(3):2i-2-3. Field 
Museum of Natural Histpry, Chicago, Illinois, USA, 

Wastler, 'T. A., P. M. Daugherty, and H. H: Sineath. 1953. Industrial raw material of - 
plant origin. II Recent Developments in Vegetable Waxes, Gums, and Resins. Bulletin 
15. p 7. Engineering Experiment Station, Get^gia, Institute of’Technology, Atlanta, 
Georgia,"USA. * .. ^ 

V - : 

Research Contacts and Germ PJasm Supply 

Botanical Museum, Harvard University, Oxford Street, Cambridge, Massachusetts 02138, 
USA (R. E. Schultes) * *»-./. 

Centro de Recursos Naturals da Amazonia, Belem, Para, Brazil (J. Pires)' 

Director, Office of Biological Conservation, .Smithsonian Institution, Washington, EHGt * 
120560, USA (E S. Ayensu) . r •< ? 

Geiim plasm.could be readily collected in-the vicinity of Leticia, Colombia. • r \ , 

j , v v 
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CANDELILLA 
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The" leafless stems of the North American desert shrub candelilla* exude a 
white wax that has valuable industrial potential. Although wild stands are ; 
harvested occasionally, no effort has been made to develop candelilla into a v 
crop. Research could adapt the* plant to cultivation, reduce, harvesting costs, 
and improve the wax-extraction* process. With these improvements candelilla 
could becopie an important source for bringing foreign currency to arid 
developing nations. , f 

Synthetic waxes (largely based on petroleum) have not replaced natural 
„ waxes in the marketplace. A continuing market for natural waxes is foreseen, 
especially : if production could be modernized. The candelilla plant appears 
adaptable to mechanized cultivation. Modern extraction methods can be 
used, resulting in a cheaper and superior wax. The production^©! carnauba 
wax, candelilla’s major competitor, requires' much hand labor and cannot be 
easily jnechanized. As labor costs increase, and carnauba. becomes more 
expensife^eandelilla wax might replace carnautyLf: 

Cairtfelilla wax is an amorphous solid, yellow jh brown in color, that is 
used as a substitute for beeswax and carnauba. When refined, it is used'as a 
hardener for soft waxes (e.g. paraffin wax) inSe^ndles, polishes, chewing gum, 
leather goods, varnishes and lacquers, seading waxes, paper sizing, dental' 
molds, and electrical insulating materials.""/ - ' X 

Abundant in deserts from the Big Bend area of Texas and southern New 
Mexico to the Coahuilan desert in Mexico, candelilla requires only 100-500 
mm of annual rainfall. It grows best on rocky, sandy slopes, in soil that is Well 
drained and pt)or in humus. The waxy/coat on stems and leaves is reported to 
? \be thicker in drier months and drier areas. Candelilla makes good, forage for 
goats and rabbits and. does not seem highly susceptible to diseases or pests. 
The plants can be easily propagated from cuttings or from divisions placed in 
moist; sand. They require from 2-5 years to produce wax in quantities 
sufficient fon 5 commercial use. Qandelilla wax can be produced year-round, 

' but most is now harvested during the winter, when migrant workers are 
available. - Sometimes, plants are harvested and stacked for later wax 
..extraction. > 

^ The waxy cover separates when the leavps and stems are boiled in water or 
/ the wax may be extracted with- solvent. Only 2 percent of a plant’s weight is 
removed as wax under primitive field conditions* but yields of 3^5 percent 

* Euphorbia antisyphilitica 2ucc. [Euphorbia cerifera Alcocer]. Farnily: Euphoibiaceae. 
f For other competitors discussed in this report, see Jojoba page 105 and Calathea lutea 
page 137. - /: " • 
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Candelilla’s a^id habitat. Harvested plantain background. (W. H. Hodge) 


P Candelilla wax contains resin. Resin is a disadvantage in some products, 
but its tackinessvis an asset in nonslip floor* waxes. ■ • 

The Mexican "i< 2 rpvernment subsidizes the candelilla industry to ^support 
inhabitants of;remote areas. The sterns are gathered from native stands* 
scattered over, a large area and are then transported by burros, to processing 
stations. The primitive transportation method and extraction process make 
the groduct expensive and the subsidy necessary. Candelilla will not expand, 
or reach its potential as a crop until it is domesticated. 

• ' , . • \ 

RESEARCH NEEDS ‘ 

« . 

• 4p, . ■ • 

Agronomic and engineering research is necessary before candelilla can be 
successfully cultivated and processed. Research and development programs 
should concentrate on: ' "' * ^ "S- . 

• Developing plantation technology and agronomy; 

• Developing higher-yieldingcvarie ties; 1 1 

* • Improving harvest techniques; 

• Improving the extraction process to increase the quality of th,e w^x 

produced; 1 / 
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r Extracting candeliUa wax-in northern Mexico. (W. H Hodge^ 

» Developing new uses and markets for the wax; and . .. 

< • Developing new uses and markets for the fibrous vegetable residue from 

the wax extraction. ; 


^ Selected Readings 0 > 

Daugherty, P. M., H. H. Sineath, and T. A. Wastler. 1953. A survey of canddljjjra and,. 
- candelill'a wax. In Industrial Raw Materials of Plant Origin. III. Georgia State 
Engineering Experiment Station Bulletin 15(12). Georgia Institute •'of Technology, 
Atlanta, Georgia. ' r [ ’’ * o . 

Hodge, W. H., and H. H. Sineath., 1956. The Mexican candelilla plant and its 
^Economic Botany: 10(2): 134-54. , 

. ' • ' '• V 

Research Contacts and Germ Plasm Supply" ^ s 

Biblioteca Egidio G, Rebohato, Apdo.'Postal 342, Saltillo, Coahuila, Mexico (G. Villa- 
heal H.) ' 

Division of Plant Studies, Central Arid Zbne Research Institute, Jodhpur 342 003, India 
(R. S. Paroda, Head) » 
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Guar* is a leguminous herb resembling the-jsoybean plants to which it is 
related. With sufficient research support it could become] a top-ranking 
agricultural crop in many tropicaland subtropical countries of the world.. 

Its potential lies in the ,gum in its seeds. Guar gum has (5-8 times the 
thickening .power of starch. It is userfeas a filter aid in the mining industry; as 
a thickener in cosmetics, hand lotions, and creams; and as as strengthening 
agent in paper. 11 is also used to thicken and stabilize salad dressings, bakery ‘ 
products, and ice cream. The derqand for this valuable gum in industry is 

constantly increasing. ‘ . ~ ; ~ 

The gum- is extracted from the seed’s endosperm. It isl primarily a 
galactomannan polysaccharide, and has high viscosity at low concentrations, 
and over a e wide range of acidities. Some 25,000 tbr^xeTlready produced 
annually in the.4inited Stated, but the demand exceeds \the s supdly. One half 
goes to the paper industry.; one third' to the making of ice creatni, desserts,' 
^cheese preparations, reconstituted tobacco, cosmetics, and pharmaceuticals; 
and thc rdst.tp the oil industry where it is used to stabilize drilling muds. 

Guar also holds great promise for supplying protein required in'the human* 


diet. Guar seed’ contains about 34 percent .protein-, 23 percent ^um, and 4 
percent oil. It has been grown for food in India since*ancient tiipes. Young 
pods are eaten like sfringbeans, of they* may be dried, salted, Or fried in oil, 

The cake that remains after removing the gum is also rich in protein; both 
the seed and cake contain a balance of amino' acids that.complements the 
amino acid deficiencies in corn protein^-wheat protein, and rice protein. 
Bread has been enriched with* 8 percent guar protein in experiments without 
adversely affecting flavor. But, regrettably, guar protein is not [used for 
human consumption. Guar seedcake (mixed with the hulls) is ..used Only as 

cattle feed. / . ..«. • ,'v' \ • 

Thespiant. grows bfist'fn semiar^id^afeaS'and tolerates moderate salinity. It is 
robust, bushy, arid, normally grows 1-2 m tall. The Crop matures wi^iiin 3-5 
months after planting. On the main stem and branches it bears leathery pods 
containing up to 10 seeds. • - *■;•>, \ 

An annual crop, it is easily planted, cultivated, and harvested by existing 
agricultural machinery. Guar seeds do not shatter; an ordinary grain combine 
or soybean harvester can be used. ^ \ 

. The guar plant is drought "tolerant, performing well in areas having ' 
40CK900 mm of rainfall. When moisture is'short, growth stops until mqisture 
again becomes available.. ' • \ 


*Cyamopsis tetragonoloba (L.) Taub. Also k-n8wrT as C. psoralioides DC., cluster bean. 
' Family: Leguminos*ae. . ’ . ; 1 : 
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> Guar grows well ih a variety of soils and* thrives in alluvill '^nd Sandy loam 
with well-drained subsoil. It- is grown on rotation for. the benefit of 
succeeding crops; it rotates’well ^with cottoi^ sorghum, corn, hnd vegetables. 

In some regions of the world guar i\ grazed, usually after ffpst (to reduce - 
bloat problems), and makes good forage'. Rain-fed guar w^l yield from 
18,000-24,000 kg qf green fodder and 900;kg of seed per hi Yields may 
double with irrigation, with seed yield as high as 1,900,kg/ha. | l j , . 



Guar. (U. S. Department of Agriculture) 







Guar grown between corn as a soil-improving crop. A njtrogemfixing legume, guar 
provides the soil With nitrogenous materials similar to the main ingredients in fertilizer; 
at the samp time, guar seeds can be harvested for the valuable gum they contain. (Ul S.' 
Department oF Agriculture) - * 
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.At present it is grown mainly in Pakistan, India, and the United .States, 
with some production im Australia, Brazil., and South Africa. Current prices 
range from $-1.15 to $1.50 per kg of gum and Approximately $2.50 per kg for • 
edible grades. ► ‘ - v 1 * , A r ,, 

, LIMITATIONS AND SPECIAL REQUIREMENTS 

Mature guar seeds contain'antitrypsin and hemolytic-factors (just as soybeans 
do) that may adversely affect digestion and health. , 

Weeds'qan have a deleterious effect on guar seed yields, especially in fields 
infested^ with Johnson, grass.. Ea'rly preparation' Of the field and mechanical 
cultivation during the growing period are necessary. Guar is frost sensitive and 
susceptible to viral', fungal, and bacterial diseases, but is not affected by 
nematodes. Guar buc^are attacked by midges, which often reduce yield. • ■ 

The plant has photoperiod restrictions and may, not grow well af all 
latitudes, but presumably *• (as with soybeans) this can be overcome-by 
selecting appropriate Varieties. 4 ' ■ % . 

After pods mature, rain causes guar seed to blacken, adversely affecting 
‘gum quality . In areas with high rainfall and humidity guar is best grown as a h 
"soil-improvement crap father than for its seeds. / g." ? 1 

‘ Unless diluted, guar products may not become widespread food'in¬ 
gredients because the flour has an unusual flavor. Heat treatment will remove 
it, but this adds an often unacceptable inconvenience. ' , 

c . ■ b -• \ 

RESEARCH NEEDS w " . 

. * . - 4 ' % c • V .■. '*> 

© • ' * ' i 

Relatively little genetic selection haslet been done. The difficulty of making 
hybrids by hand emasculation makes it imperative that techniques for making 
controlled crossbreeding be developed before any guar varietal iniprovemen# 
program can proceed. Great potential exists for improving yield'and for 
adapting the plant to,a broader range of climates. 

Research is needed-4o test the plant’s susceptibility to insects, viruses, 
Cecidomyia midges, 'bacterial blight, and Alternarm fungi and to select 

• resistant strains. , ., 

' Human • antinutrition factors present in a the beans need study. If it is 
demonstrated that tjiey adversely affect guar protein utilization, methods to 
remove them will have to be developed. 'B^metftods developed fOr removing 
antinptrition factors from soybeans shoS|W>«>\fi^fi good models.. Attention 
‘-should be given to Simple processing tecm^ues suitable for rural areas in 
developing countries/ # r v * ’ ■/ - / 

An important research ggal iS genetic selection arid improvement of rapidly 
maturing varieties—essential for diydand farming and rpultiple cropping. 
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Selected. Readings > ... 

Allen, G. H. 1964. Guar shows promise, Queensland Agriculture Journal. 90(4)^254-7. 

Hodges, R. J. et til. 1970. Keys Jo profitable guar production.. Fact Sheet. L-907:i-4. 

Texas A & M University, Agricultural Extension Service, College r Station, Texas. 

Hymowitz, T., and R. S. Matlock. 1964. Guar: Seed, plant and population studies.-Oft/c- 
homa Agricultural Experimental Station Technical Bulletin. 108:1-35. Stillwater, 
Oklahoma, USA. ' • \ 

' Oke, O. L. 1967: Nitrogen fixing capacity of guar bean. Tropical Science. 9(3): 144-7, 

Paroda, R. S., and S, K. Arora, eds" 1978. Guar (Cyamopsis tetragonoloba E.Taub.). . 
Indian Society of Forage Research, Department of Forage Research, Haryana Agri- 
culturafUnjversity, Hissar 125 004, Haryana, India,,. 

Poats, F. J. "I960. Guar, a summer row crop for the southwest. Economic.Botany. 14(3): 

241-6. fl , ' ’• . ‘ * ■- 

Whistler, R., and T. Hymowitz. (in press) Guar. Agronomy, Production, Industrial Use 
and Nutrition. Purdue University Press; West Lafayette, Indiana, USA. 

Research Contacts and Germ Plasm Supply 

Agricultural Research Center, Plant’Introduction Office, U.S. Department of Agricul¬ 
ture, Beltsville^ Maryland 20705, USA (G. A. White) 

Agricultural Research Service, U.S. Department of Agriculture, Texas A & M Research * 
and Extension Center, Version, Texas 76384, USA! (R. E. Stafford) 

. Department- of Agronomy:; Oklahoma State University, Stillwater,. Oklahoma 74074, 

, * USA (J. Kirby) • /• . > * . 'y ' - 

Department of Agronomy, University of Illinois, Urbana, Illinois 61801, USA (T. . ji 
x Hymowitz) ’ y r ' 

Department of Biochemistry, Purdue University, Lafayette, Indiana 47907, USA (R. 
Whistler) 

Division of Plant Studies, Central Arid"Zone J Resea5ch;)nstitute,'Jodhpur 342 003, India 
(R. S. Paroda,.Head) .» ’ 

Guar Development, Celanese Polymer Specialties Company, One Riverfront Plaza, y K 
Louisville, Kentucky 40202*USA (J. D. Holley, Manager) ' /. 

National Bureau pf Plant Genetic Resources, I.A.R.L Campus, New Delhi 110 012, India 
JjK. LLMehr'a, Director) t 


guayule r : 

The guayule *t shrub' grows in desert regions of north central Mexico and the 
southwestern United States. All parts of'the shrub contain a rubber that, 
when purified, is virtually indistinguishable from natural rubber from Hevea 
Trees. A potential source of rubber for arid lands,' it grows in poor desert soils 
in otherwise upused marginal areas. - , 

*Parthenium argentatum Gray. Family: Compositae 

JA detailed report on guayule and its modern promise is being prepared by'the National 
"Academy of Sciences. Cbpies may be obtained from the address listed on page 188. 
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The possibility that this plant could become a source of natural rubber is 
especially important’at ‘this time. //eve%rubber still supplies one-third of the 
world’s market and is widely used in such major products; as automobile tires.- 
The ,rest gf the rubber goods .currently produced are made from synthetic 
elastomers. These are superior to natural rubber for some uses, but inferior 
for many. A more important drawback is that elastomers are based on 
petroleum, an increasingly, costly'resource. This gives new impetus to 
attempts to overcome the technical problems that, so far, have made guayule ; 
only a minor rubber source. 

At the turn of the century, German interests built several guayule rubber 
extraction plants in Mexico..Much research and developmept 6n the plant was 
conducted in the United States during the early 1940s, and about 1.3 million 
kg were produced during World War v II. High-yielding strains-and-unproved 
methods for extracting the rubber were developed. But after the war when 
rubber from Asian Hevea trees again became available, the methods already 
developed were not continued and the research was abandoned* - 

The rubber is contained.within cells'^hroughout the entire plant, but the 
roots and stems are particularly rich. To obtain the rubber, the who|e plant is 
. harvested. It is then sliced into small fragments, the tissues, are macerated, and 
the lighter rubber is floated away from the vegetable residue! Yields of up to * 
12 percent (dry weight) have been obtained from wild plants and over 20 
percent from improved varieties. Guayule can be harvested and processed 
with equipment'(slightly moijified) already developed for other crops. 

Guayule shrubs may live for as long as 50 years. They represent a living 
stockpile of rubber. 

Guayule is apomictic: the flowers do not require pollination to set seed. 

„ The varietal characteristics can be perpetuated through the seeds, which 
greatly simplifies replication of Varieties and facilitates plantation culture. 

LIMITATIONS AND SPECIAL REQUIREMENTS ’/ 

In the 1940s and 1950s seeds were furnished to more than 30 countries 
(Spain and Turkey embarked on large-scale production programs) bu.t there is 
neither commercial production nor use of the wild plant today. 

. Because of inadequate processing technology, gdayule rubber was of poor 
quality before and during World War II. Residual resin impurities posed the, 
major difficulty. J ‘ 1 

A pilot-plant operation to process natural stands'Of guayule was recently 
established in Mexico. Although last reports still noted some difficulty in 
producing a pure|l|rubber, the most recent results are encouraging and 
commercial production is expected within a few years. 






Four-year-old guayule shrub ready for harvest. As much as 20 percent of the~plant is 
rubber. (U. S, Department of Agriculture) " 


RESEARCH NEEDS , ' :t ■ 

' - V ■ ' ■ f :'■■■' ,, . ' • . . ' . 

The agricultural research conducted during World War II on the domestica¬ 

tion of guayule needs to be reviewed. Field trials should be renewed, using 
We higher-yididing strains that were developed at that time.' iv . 

Research should emphasize extraction processes (such as solvent extrac¬ 
tion) that'efficiently and economically remove resins and leave a pure lttfex. 
Some extraction methods have been .developed,""but they nfiust be fully'tested 
before real progress can be made. ^ *. 


Selected Readings ' . s 

Consejo Nacional dc Gicncia y.Tecnologia, Ce&gjp d|)Jnvcstigaci6n en Quimica Aplicada 
Comision .Nacionai dc Las Zonas Adidas. 19 ik/Guaynile:Reencuentro en el Desierto 
Centro dc lnvcstigacion ep Quimicaj Apliqr^a,’Aldama Orient^ No.'371, Saltillc 
Coahuila, Mexico. , • . ' ' , ' ■ ' 
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Guayule'under cultivation, Salinas, California (c^irca 1949). (U.S. Department of Agri- 


In the early days of a major research program to develop guayule, the U.S. Secretary of 
Commerces, Jesse Jones, was presented (January 14< 1942) with the first automobile tire 
made entirely of rubber from guayule (right). (Wide World„l?hotos) . . ’ 
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McGinnics, W. G., and E. F. Haase. 1975. Guayule: A-Rubber-Producing Shrub for Arid 
and Semiarid Regions. Arid Lands Resource Information Pay>pr No. 7. 267 pp..(Avail¬ 
able from Office of Arid Ladds Studies, University of Arizona, Tucson, Arizona 
' 85719, USA.) •• . ; - ’ * / 

McGinnies, W.G., and E.F. Haase, eds. 1975. An International Conference on the Uti-. 
lization of Guayule. Office of Arid Lands Studies, University of Arizona, Tucson. 

National Academy of Sciences. 1977. Guayule: An AlternativelSource of Natural Rub¬ 
ber. National Academy of Sciences, Washington, D.C. • &0 pp. (Available without 
charge from the Commission on International Relations (J/H215), National Academy 
of Sciences-NationaJ Research Council^ 2101 Constitution Avenue, Washington; D.C. 
.20418, USA.) ;> ^ • 

Taylor/K, W. 1951. Guayule: I An American source of Rubber. Economic Botany. 5: 
255-273.. \ ‘ - , 4 


„ Research Contacts and Germ Plasm Supply 

Centro de Investigation's en-Quimica. Aplicada, Aldama Ote. No. 37 l t Saltillo, Coahuila, 
Mexico (E. CampOs, Director) • 

Department of Agronomy and Plant Gtfnfetics, University of Arizona, Tucson, Arizona 
85721, USA (D. Rubis) ° - 

Firestone Natural Rubber and Latbx Company, Akron,£)hio 4^1301, USA (E, M. Glymph) 
The Goodyear Tire and Rubber Company, Rubberdivision,, 1144 E. Market Street, 
Akron, Ohio 44316,US A (J;X Riedl) 

Gray Herbarium, Harvard University, Cambridge, Massachusetts 02138, USA (R. Rollins) 
Los Angeles Arboretum, 301 N. Baldwin Ave.y Arcadia, California $10.06, USA (G. P. 
/Hanson) v 11 ” >'• v v . • /' 

Office of Arid Lands Studies, 845 North Park Ave., Tucson, Arizona 85719, USA (K. 
Foster) v «* - 

Univcrsidad Autonoma Agraria Antonio ftarro, Saltillo, Coahila, Mexico (J. Angel de 
'La <£tuz), , •" * 
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P ASP ALUM VAGINATUM 

. ; \ '. " 

Silt.grass,* a salt-tolerant rhizomato.us grass, is recommended for revegetating 
“satt-affected areas. If is also a good sand-binding plant, thriving in dry, sandy/ 
beach soils, with vigorous runners that assist in stabilizing- the soil. Silt grass is 
especially*suited to soil subject to occasional inundatibn by seawater or to 
'permanent brackish water seepage. It will "grow with nonsaline water and 

*Paspalum vagina turn Swartz (Syn.R distichum L.). Also-known as seashore paspalum, 
sheathed paspafhm, salt water couch, etc. Family: Gramineae. 







... ■ ■ ■ . ." ■. : 

with water up to a salinity of at least 10,000 ppm; it/ may tolerate higher 
water salinities in soil that permits periodic leaching of/the salts.* It is much 
more salt tolerant than common lawn grasses (e.g., cibuch and buffalo grass) 
and has a highersalt tolerance than even coastal Bermuda grass. . > * 

« Silt grass appears to be a satisfactory forage grass. Once established, it 1 % 
withstands grazing well (even by sheep) and is valuable green feed during hot 
months. "It also makes fine-textured lawns. The plant is easily propagated; 
new areas may be started by small sods (13-20 squ'are cms) or by runners 
either placed on the surface or partially buried: Under favorable conditions, , 
the runners from one small sod may, after one growing season, cover an area 
up to 1 m diameter. Little fertilizer is needed; under saline condition's the., 
grass does not respond well to nitrogen and phosphorus. The use of fertilizer' 
may be Warranted only in low-salinity seepage areas. > r 

Though it grows wild on se^coasts of both hemispheres from Australia to 
southern Spain and from Argentina and Chile to Baja California and North x * 


TROPICAL PLANTS. 


tides flooded'the water edge of King’s Bay golf course daily for one 
month. Bermuda grass is deadband brown. Border of healthy green Paspalum vaginatum 
stands out in contrast. (J. Morton) * f . i * 


1 


1 


\ 



*For a discussion of the knportance of salt-tolerant plants see More Water for Arid 
Lands, a Sbmpanion (o this report. Ordering information is given on page 187. ; 
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Paspalum vagina turn, here growing in : saline soil in Australia, is good for revegetating 
salt-devastated regions and for,erosion control. (G. R. MaePJiie) 


Paspalum vagina turn iirseed. Sea Island, Georgia. (J. Morton) 
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Carolina, Paspalum vaginatum has l?een domesticated only in Australia, 
Florida, and the Netherlands Antilles. Experiments in dpnj.es'tication "are now 
under way in Venezuela. . ' N ^ : : 


LIMITATIONS AND SPECIAL REQUIREMENTS 

* It has been found that South American strains must have an adequate supply 
< of summer moisture.' If not, the plant, which is- dormant in winter in 
subtemperate (not. tropical) climates, will grow little during summer and its 
■A spread will be restricted. 

In 'low-salinity soils silt grasses attacked by nematodes, but this is unlikely 
. to occur in the saline soil where this grass is most useful. It is also sensitive to 
1 herbicides. It is not recommended for hay. 

Because it produces only a small yield/of viable seed, commercial supplies 
of propagation material are inadequate to meet current demands. 


‘ RESEARCH NEEDS < 

Crop and sod nurseries should be established in tropical countries To furnish 
the grass for private and commercial use. The grass is already growing 
prolifically in subtemperate to tropical coastal regions around the world. Sod. 
or runners should be distributed to tropical coastal areas for forage use and 
landscaping. • 

Insufficient information is available oh the nutritional value of silt grass as 
a forage crop. Research should, be directed towards 1 breeding and selecting . 
-improved (]but still salt-tolerant) strains for forage. 1 - 

Developing a strain that produces large quantities of viable seed would 
reduce establishment costs and would hasten the plant’s more widespread use. 
‘Development of a strain with greater winter hardiness would be useful in 
sub temperate, saline are%s; > . , ’ ^ • 


Selected Readings ^ s / 

MacPhie, G. R. 1973. Three successful salt-tolerant plants. Journal of Agriculture, South 
Australia.! 6 (I):5j8. / 

Malcolm, C. V. and I. A. F. Laing. 1969. Paspalum vaginatum-Aoi salty seepages and 
lawns. Journal of Agriculture, Western Australia. 10(11)^474^5. 

Morton- L. F. 1973. Salt-tolerant silt grass ( Paspalum vaginatum Sw.). Proceedings of-. 
Florida State Horticultural Society. 86:482-90. . 4 
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Research Contacts and Germ Plasm Supply . / 

Department .of'Agriculture, Cl<?ve, South Australia, Australia. (Q.R. MacPhie) 
Department of Agriculture, J,arrah Road, South Perth 6151/Australia. (C V. Malcolm) 
Golf Course Architect, King’s Bay/facht and Country Club, Miami, Florida 33158, USA 
(C. Mahannah) . , 

Sea Island Golf'Club, „Sea Island, Georgia 31561, USA (T. M, Baumgardner) 


RAMIE 


Ramie* is a tall, slender, almost unbranched herb with stems 2 m tall ormore. 
A native of East Asia, it has b.een grown as a fiber crop in China and Japan for 
many centuries.But its modern.potential is as a djual-'purpdse crop providing, 
both fiber (from the stems) and forage (from the leaves). It has great proipise - 
to become an important new cash crop for many tropical .and subtropical 
locations. r - . ' “ ’ * '• 

Ramie fiber is a bast fiber, found between the bark and the woody struc¬ 
ture of the stem. It has extraordinary properties. It'is long (20-40 cm), dur¬ 
able, lustrous, and strong/with a tensile strength comparable to, or Better 
than, cotton; flax, or hemp. For some^unusual reascyi the-strength increases 
when the fiber is wet. Ramie fiber alsoresistsphemicals and decay better than 
most natural textile fibers. 

Almost any product that can be manufactured from cotton, flax, hemp, or 
silk can also de made from ramifcUifor example, carpets, clothing fabrics, and 
upholstery fabrics. In addition, ramj^can be mixed apd spun with either wool 
or synthetic fibers, which increases its potential in the textile industry. Ramie 
improves the strength and durability \nd .considerably reduces the shrinkage 
and stretching-of products made of wopfand cotton. Ramie blended in,wool 
carpets (50:50) reputedly doubled their \vear. Moreover, r^mie improves the 
-ability of~synthetics to “breathe” (i.e., to. absorb and> liberate moisture » 

?quickly). Such blends are ideal for tropjcalVBlothing and fbr garments'such as 
uniforms, which get heavy wear and are washed often. Other products where¬ 
in ramie fiber proves superior include fire hoses,\threads usedfor sewing shoes 
and other Jcather.goods, string, and strong paper such as that used for bank 
notes. %y ' .X , : v / ■■■ ‘ ; 


*Boehmeria‘ mvea„( L.) Gaud. Also known as China grass, ramio, or rhea.*Family; Urti- 
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In spite of its excellent properties, ramie fiber is not utilized on any large 
scale outside Hast, Asia. The principal producing countries ate Cduna (“espe¬ 
cially the middle Yangtze and southern regions), th'e Philippines, Japan, 
Indonesia, Malaysia; India, arid Brazil. It is probable that at Jeast 100,000 
tons of ramie fiber are produced annually in China. 

Ramie’s obscurity, as a fiber crop is matched by its lack of recognition as a 
potential forage crppxYet ramie leaves make nutritious greenTeed. Is con¬ 
trast to the stems, they are low in .fiber and rich in protein (20 percent), 
minerals., and carotene. In fact, in nutritive'value they compare we(l with 
alfalfa. Ramie foliage has proved particularly valuable to poultry and fcigs. It. 
can be fed fresh, ensiled, or in dried form as Hay or leaf meal.* U 
A quick-growing plant, ramie is a perennial whose rhizomes vigorously re¬ 
sprout after the stems are harvested: Because of this, stems can be harvested 
in rapid rotation-up to six times a year in tropical areas with favorable soils. 
The plant is relatively^est free. Little cultivation is needed except to inhibit 
weeds until’thd crop itself shades them out. When properly cared for, a single 
planting has beeft known- to.yield productively for 10 years or more. 

^amje is processed into fiber in three steps-harvesting,,decorticating, and 
degumming. At harvest^pthe tops and leaves of the plant are removed and can 
provide forage. Decorticating, in which the fiber bundles are separated from 
the stem, gives the crude fiber. Usually the crude-fiber is then hung Sut to dry 
and bleach in the wind and sum Later it is chemically treated with hot so¬ 
dium hydroxide solution to remove the gum, which sticks tenaciously to it. 
Annual yields of as much as 2,000 kg of degummed fiber per ha njay .result 
from well-established ramie fields. • „ • ! 


LIMITATIONS AND SPECIAL REQUIREMENTS 


Extracting the fiber presents serious Difficulty. Unlike other stem fibers (such 
‘ as jute, flax, and hemp), ramie fiber cannot be extracted satisfactorily by the 
usual retting (bacterial) methods because of.the. gum and because tile fibers 
’are bound tightly in bundles. Extraction of the Tiber.by present methods in¬ 
volves tedious manual Jabor or harsh mechanical treatments. J 

Before the fiber can be spun, the gum must be removed. All current de¬ 
gumming methods demand considerable experience and technique. Removing 
the gum from ramie and ^separating theTibers is a major obstacle to i ( ts wide¬ 
spread Use. r \ / f 

In industrialized regions, ramie spinning is commdE^ done on riVachinery 
developed for silk, cotton, or wool—often with less thap satisfactory-results, 

*Petruszka. 1977. See Selected Readings. 
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Ramie * plants jusf 29 days old. Santiago dc las Vegas, Cuba. (U f S. Department of Agri¬ 
culture) 


Ramie fibers differ from other bast fibers-flax, hemp, and jute-in that they 
are no t usually spun as fiber bundles. The long*ramie fibers have a larger ^di¬ 
ameter than cotton or single flax and hemp fibers, which makes them mbre 
rigid. • > • . • _ • • r \ : : 

The ramie plant will grow under a variety of climatic conditions^; However,' 
profitable exploitation requires harvesting as many cuttings per year as possi¬ 
ble. Multiple harvests are" possible only with steady, high temperatures; a hu¬ 
mid atmosphere, and a well-distributed annual rainfall of at least 1,0Q0 mm. 
Irrigation may be needed during prolonged dry periods.-When the crop is har- f 
vested, heavy fertilization is usually needed to maintain the plant’s vigor. 


RESEARCH NEEDS 

The most urgent research and development need is to explore more efficient; 
cheaper ways to cfegum without damage to the fiber. This offers challenges .to 
organic chemists to identify the gum’s structure and to find solvents and tech¬ 
niques for dissolving it. It also challenges microbiologists to determine if 
ramie fiber can be separated by bacterial-action. Microbiologists must also 
find and raise special microorganisms that will clean vegetable matter and 
gum from ramie fibers (perhaps under industrial conditions). 

With current ^methods, decortication is best d-one with freshly cut stems. 
Therefore, decurticators suitable for medium- or small-scale operations in the 
field are needed. 
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Two-month-old ramie ready for harvest: The fiber is contained between the thin bark 
and the woody structure of the stem. (M. Petruszka) 


It has been* suggested that a mechanical harvester be invented to top the 
plant, fecover the forage for livestock and poultry, Harvest and,decorticate 
the stems, and collect the decorticating waste for use as paper pulp-all in a 
single operation. l'''T - . 

Widespread trials with ramie as a forage are also needed. . 


Selected Readings 

Allison, R.,V. 1951. Ramie, long-, strong-fibered marvel, comes to stay. Florida Grower. 
59(lf):22-4. - 

Allison, ‘R. V., and J. W. Randolph. 1954. Progress in the harvesting and processing of 
f"" ramie and kenaf. Proceedings of the Soil Science Society of Florida. 14:190-201. 
i Anonymous. In Press. Ramie: The Extraction, Degumming a\d Processing of Ramie 
r Fibre. Tropical Products Institute, 56/62 Gray’s Inn Road, London WG1.X 8LU, 
England. . , 

Ghosh, K., and T. Ghosh. ,1971. Ramie cultivation in India. Jute Bulletin. ApriTMay. 

■ pp. 15-18. " • , ; • ' 

Gomez Arias, N v ,,l-9'&8. El ramio en la production de fibra de excelentes eualidades y 
fuerte de-proteinaparala alimentation animal. Agriculture .of the Tropics. 14(11): 

.' ••• .. J * \ \ ; ' ; ■ • 
^JK’ifSyrR. H. 1963. Vegetable Fibers" Botafty, Cultivation, and Utilization, Leonard Hill, 
London. v . ' - * 

Machin, D. H. 1977. R’amic as an animal feed: a review. Tropical 5’cfenc^l9(4)U87-95. . 
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Naguib, A- M. 1967. Ramie-time of cultivating and development of growth during the 

life-time of the plant. Agriculture Research Review U.A.R, 43(3>:-77^97. - 

Petruszka, M. 1977,, Ramie, Fibre Production and Manufacturing. Food and Agricultural 
Industries Seirvice, Food and Agriculture Organization of the United Nations, Rome. 
(Order #AGS:MISC/77/5) 

RabeChault, H. 1952. La ramie, etudes morphologiques et taxonomiques en vile de la 
selection. Revue Internationale des Produits Col'opxaux. 27:151-9. „ 

Seale, C.C., E.O. Gangstad, and J.F. Joyner. 1#53. Agronomic Studies of Ramie in 
the Florida Everglades . Florida Agriculture^xperiment Station Bulletin 525. Univer¬ 
sity of Florida, Gainesville, Florida, USA. 

Research Contacts and Germ Plasm Supply 

Everglades Experiment Station, P.O. Drawer A, Belle Glade, Florida 33430, USA-fR.-Vr— 
Allison) \ 

M. Petruszka, Jaracza 92m40, ; Lodz 90244, Poland . 

Tropical Products Institute, 56/62 Gray’s, Inn Road, London WC-IX 8LU, England (D. H. 
Machin) 


SPIRULINA . 


Spirulina * "species are blue-green algae often found in saline—usually al¬ 
kaline—waters.^ For many generations one species has been eaten in the 
Lake Chad area of Africa. In the 16th century the Spanish Conquistadores „ 
found the Aztecs using spirulina as their main source of protein. Some 60-7G 
percent of spirulina is good quality protein. It Is also rich in vitamins aitdcno 
harmful components have been found. \ f - " /' 

.. At Texcoco, near Mexico City, a new pilot plant has been set tip to collect 
-and process spirqlina. About 1 ton of dry spirulina is produced daHy\it is sold 
as a high-protein, high-carotene additive for chicken feed. V 

Extensive' research has been conducted into the possibility of using 
spirulina as food for humans. * ; 

' The algae’s ability to thrive in highly saline and alkaline water is a great \ 
advantage. It grows well in waters containing up to T4,000 mg/liter 6f chlor¬ 
ide, and of alkalinity up.to pH 11. However, divalent,ions, e.g,, magnesium 
ions, must be properly balanced or eliminated. Sea water., (or example, is not 
' suitable because of its magnesium content. Carbon dioxide reacts^chemically 

*Spirulina platensis (Chad species) [also known as Arthrospira platensis]' and Spirulina 
maxima (Mexican species). Family: Cyanophyceae. J ^ ^ 

fFor discussion of the importance to arid lands of vegetation that grows with saline- 
' water see More Water for Arid Lands.. Vox information'on ordering "this companion' 
report see page 187. W . . 
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with the often alkaline culture medium, resulting in a high 'degree of carbon 
dioxide utilization. This makes growing of spirulina an efficient, productive 
process. Under favdrable conditions production rates averaging 12 g/m 2 /day 
or more are possible. ^ 

'Spirulina production involves culturing the alga 4n basins and then 
'harvesting washing, drying, and storing the product. Spirulina is large enough 
to be recovered Troiti the culture medium by simple filtration. In Chad, 
^lagers recover it by'using muslin. This is spirulina’s great advantage over 
other microorganisms that are bften promoted as new protein sources, but are 
difficult and expensive to recover. Spray drying gives satisfactory, results and 
does not damage’spirulina’s high nutritional propertied. Heated roller drying 
also appears to' give satisfactory results. Dried spirulina is not susceptible' to 
.fermentation- and is easily stored. Solvents will bleach the green coloration to 
a pale, coloj with almost no loss in nutritive value. v,., 

Spitjiliffifcan be added (up to 10 percent by volume Ho cereals and other 
food products, without changing the. flavor or creating objectionable tastes. 
Spirulina’s crude protein can reach as high as 7.2 percent (of dry matter) with 
ja satisfactory balance of essential amino acids, except for a slight deficiency 
in the sulfur amino acids. It has a high vitamin conte#*;particularly vitamin, 
B{ 2 - In rats the product was^ shown to have digestibility of 84 percent witfi 
, H 4 iet protein utilization of 61 and a profein efficiency ratio ot 2:3 (casein was 




Y 



Spirulina platettsis (W. Pabst) ‘ v * 


*8 
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2.5). The nucleic acid content 9 n a dry'•'basis was 4.1 percent.* The t< 
showed no acute toxicity. Subchronic toxicity studies showed that dried i 
(up to 10 percent) in the diet did not have any deleterious effects on the r; 

The cost of spirulina. is heavily influenced by the production i 
per * unit area (which can be -very, high), the scale of manufacture, 
life of the (polyethylene) covering over the production basins, the c 
of decolorization, and ’the cost of land. 


LIMITATIONS AND SPECIAL REQUIREMENTS 

Growing spirulina culture in artificial media requires a level of technical 
sophistication difficult to obtain in many developing n^tiohs. 

Spirulina grows optimally at temperatures from 30 o -35°C ih and or 
semiarjd regions where there is little temperature variation. 

Climates most favored for spirulina production are between latitudes 35° 
north and 35° south. Within this zone, the best locations are those with much 
sunlight, moderate rainfall, water of reasonable qu.ality, and where there is-a 
carbon 1 dioxide source (such as natural gas or other hydrocarbons). Land 
should be inexpensive and reasonably flat. 

If spirulina production is not carefully managed, bacteria or viruses can 
contaminate the product. 

Data ( available at present are insufficient to predict the economics of 
spirulina production; more extensive feasibility studies are needed to justify 
investments. 


RESEARCH NEEDS 


Further research and development is needed on mass cultivation of spirulina 
in' artificial basins. Inexpensive watertight basins would greatly reduce 
iiltfestment costs. Improved C0 2 supplies and culture medium stirrers would 
also lower costs. r 

The highly promising laboratory ■ results on mineral nutrition, salinity, 
carbon dioxide’‘requirement, radiation, etc., need to be confirmed in field 
tests under actual operating conditions. 1 

Harvesting and processing the ^lgae are still relatively expensive and 
therefore require-more research and development. - 


*This is a low nucleic acid: protein ratio compared to blcteria. For this reason spirulina 
Can be eaten directly by humans without removal of the nucleic acids. Bacterial sources 
of protein cannot. 



Spiiulina is one alga that can be easily converted into a foodstuff. On the edge*of Lake 
Chad, where it is native, a woman concentrates spirulina by pouring it into a cloth bag 
that allows the water to drain away . . . 
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If mutants tolerant of magnesium ions can be found, spirulina could be 
grown in seawater. This would increase its utility and make it possible for it 
to grow |n many more regions. Mutants with the ability to fixmitrogen would 
also be desirable. 

Spirulina has been eaten,for generations in Chad and Mexico. But before it 
can be ^considered absolutely safe for humans on a long-term basis, 
multigeneration feeding studies with animals and prolonged feeding tests with 
humans are required. 

Social mores and eating habits have to be overcome before spirulina can 
become’an acceptable human food additive. 
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RESUME 


Ce rapport traite de plantes tropicales choisies et prometteuses pour 
Pamelioration du regime alimentaire dans les zbnbs tropicales. C’est la, en 
general, que Ton trouve les populations dont le revenu par tete est le plus bas 
du monde. En consequerice, il s’adresse a tous ceux qui aident les pays en voie 
de developpement a paVvenir a une exploitation plus rationnelle et plus 
equilibree de leurs resso’drces. Ce sont. aussi bien les gouvernementS- et le 
'personnel d"assistance technique que les’ chercheurs qui s’occupent d’agri- 
cUlture et de nutrition et de toutes les disciplines connexes. 

En reponse a une enquete ecrite, des scientifiques du monde entier ont 
mentionne quatre cents plantes. Parmi celles-ci, trente-six ont ete retenues par 
un groupe ad hoc. Voici brievement decrites, ces plantes prometteuses. 


Cereales et pseudocereales 

Millet cannele (Channel millet) {Echinochloa turnerana )—Cette herbe salvage 
d’Australie, qui n’a jamais encore ete^etudiee, peut pfoduire des grains 
nutritifs avec un seul arrosage abondant. Ceci indique de grandes possibilites 
pour les terres arides oil il ne pleut qu’a de rares intervalles. 

Amaranthe a grains (espece Amaranthus)—Cette cereale, pre'sque complete- 
ment oubliee, d’Amerique centrale, produit des grains a fdrte teneur en 
proteines et en .lysine, l’acide amine nutritive me nt essentiel, generalement 
absent dans les proteines vegetales. ^ , v . , 

Quinoa (Chenopodium quinoa)— Bi^n que la graine de cette grande- herbe' 
presente l’une des meilleures sources de proteines de l’espece vegetale, \e] 
quinoa n’est pas cultive en dehors de son habitat an din, eh haute altitude. 

. ?i .Zostere (Zostera marina )-On pourrait entfeprendre une recherche. ex= 
pleratoire fructueuse sur cette plante ressemblant a.db'j’herbe. et pro'duisant - 
des'graihes. C’est une notion toute nouvelle et hautemejit speculative’ que 
d’utiliser l’eau de mer pour les cultures cerealieres. Toutefois, les Indien’S de la 
cote occidentale du Mexique ont re'colte de tout temps le grain de la zostere 
pour en faire de la farine et pour leur alimentation. • 
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Racine^potageres et tubercules* 

\ ■. 

Pomme de teVre celeri (Arracbcia xanthorrhiza)~CettQ plante, ccjnnue sous le,, 
nom de panai^ N peruvien en raison du i gout et de la texture 4 e sa racine, 
ressemble au celeri. Elle est inconnue en dehors des regions andines d’altitude. 
Elle y est souvent cultivee a la place de la pomme de terre, Ison cout de 
production etant deux fois moins eleve. Les possibilites de lapomme de terre 
celeri n’ont pas encore ete exploitees dans les terres d’altitude- des tropiques 
du globe . y ' 

Yautia des anglo saxons (espece Xanthosoma) - Ces phmtes tubereuses, 
hautement productives, ont un pouvoir nutritif plus eleve que la manioc et 
peuverit etre cultivees faoilement. Bien que leurdire de repartition soit tres 
etendue, elles n’onf'jamais*fait l’objet d l essais appropries permettant de 
definir leurs possibilites. 

Talo et dasheens ( Colocasia esculenta)-\je, Talo, qui est culitive sur une, 
grande echelle dans un petit nombre seulement de pays, a un ren4ement eleve 
et offre de grandes possibilites pour toutes les jegions trOpicales. Certaines 
varietes poussent dans les hauteurs et d’autres dans des sols mjirecageux et 
matures d’eau qui, autrement, ^eraient improductifs. Les dashfeems. qui sont 
des varietes orientales, produise'nt de nombfeux bulbes symetri^qes, de petite 
taille, a texture cassante et se conservant parfaitement. j 

• f j , 1 

Legumes 

Chaya ( Cnidoscolus aconitifolius et Cnidoscolus chayamansa) Les feuilles de 
v ces plantes arbustives, prolifiques et a croissance rapide, fournissent un 
legume vert nutritif ressertiblant a l’epinard. Connues seulement en Amerique 
centrale, elles meriteraient.d’etre essayees dans d’autres regions tropicales. 

Coeurs de palmers (Euterpe, Guilielma, Acrocomia, Cocos , etc.) La 
faveur croissante dont jouit ce mets delicat rend inadequats les approvisionne- 
ments actuels. Les peuplements sauvages se trouvent decimes, puisque 
l T enlevement du bourgeon terminal tUe le palmier. La culture en palmeraies 
semble tres prometteuse et doit etre encouragee avant Eextinction,. des 
Implements sauvages. 

Courage a la cire (Benincasa hispida)—Ce gros legume ressemble au melon. 
II pousse facilement et peut donner trois recoltes annuelles. Sa caracteristique 

4 lgname (espece Dioscorea)- Bicn que l’igname soit trop connu pour tigurer dans ce 
rapport, il represente l’une des cultures potageres tropicales les plus populates et les 
plus nutritives. Toutefois, il n’esf pas'exploite autant que ceitains^de^ses concurrents 
parce que ses frais de production sont plus eleves. il serait done tresavantageux d’orienter 
la recherche vers la reduction de ces derniers et vers les problemes du stockage. Eh el let, 
la plupart du temps, soixante pour cent des recoltes sont perdues a-cause de la pourriture- 
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la plus interessante est que le fruit peut Sit re conserve, sans refrigeration, 
pendant pres d’un an. ■ . * 

Pois carre (Psophocarpus tetragonolobus)^Ge haricot grimpant, important 
en Asie du Sud-Est- en Papoua-Nouvelle-Guinee* -est .inconnu ailleurs. II 
pourrait etre la contrepartie tropicale dm soja., Soumis a une recherche 
appropriee, il pourrait eventuellement devenir la meilleure source de proteine 
utilisable dans les regions tropicales. 


Fruits 

Durion {espece Durio^j -Le durion comm'un est un gros fruit epineux, tres 
estime par les uns, pour son gout et repousse par des autres,,.a cause.de son 
odeur.' La recente decouverte d’une espece inodore pourrait s’averer salutaire 
et satisfaire tout le monde. Un marche mondial pourrait alors s’ouvrir pour 
cette culture fruitiere. 

Mangoustan {Garcinia mangostand)— L’un, peut-etre, des fruits les plus 
savoureux du monde, le mangoustan est peu connu en dehors de sa region 
J natate, l’Asie du Sud-Est. Une recherche agronomique et horticole poussee 
permettrait de I’acclimater dans d’autres tropiques trps humides. En effet, ce 
sont la des regions qui ne conviennent pas"a la plupart des cultures. 

Orange de UQuito (Solarium quitoense )—Parent de la tomate, mais 
totalement different, ce fruit est tres estime au Perou, en Colombie, en 
Equateur et au. Guatemala. II est pratiquement inconnu ailleurs. Son juS 
delicieux et rafraichissant poyrrait etre apprecfe dans les zones tropicales 
d’Afrique et d’Asie oil la plante pourrait prosperer facilement. 

Pejibaye (Guilielma gasipaes )—Le fruit de ce palmier, ressemblant a une 
chafaigne, represente probablement l’aliment tropical le plus equilibre qui soit 
sur le gflan nutritif. II contient des hydrates de carbone, des proteines, de 
l’huile, des mineraux et des vitamin.es. Une fqis etablis, les 'arbres, qui 
conviennent aux tropiques humides^ ne demandent qne peu de soins tout en 
ayant un rendement tres pleve. 

Pamplemousse (Citrus grandis )—Ce gros fruit tropical, qui ne doit pas etre 
confondu avec celui cOmmunement appele par ce nom, est hautement 
apprecie dans tout le Siid-Est asiatique. Des cultivars de qualite superieure 
pourraient presenter des possibilites, pour autant qu-’on puisse les obtenir 
.dans d’autres regions basses des tropiques. Dans les region's du monde oh l’on 
cultive les agrumes, on a essaye des cultivars qui nont jamais atteint la qualite 
de ceux, les meilleurs, qui prbvenaient de la Thailande meridionale. 

Corossel (Annona muricata )—BierLconnue en Amerique tropicale la saveur 
riche, et aromatique pourrait avoir une plus large audience. La pulpe et le jus 
de fruiKfse conservent bien et ce dernier pourrait lainsi faire l’objet 
d’exportations profitables vers les pays d’Europe et d’Amerique du Nord. 
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Uvilla ( Pourouma cecropiaefolia)—Ce fruit, ressemblant a du raisin,^ est 
pratiquement inconnu en dehors de son aire de repartition dans la partie 
occidentale du bassiirde 1’Amazone. Sa chair est agreable quand il est mange 
cru. On peut egalement en faire du vin. If meriterait d’etre mis a l’essai dans 
d’autres regions forestieres basses des tropiques. On ne sait absolument rien 
de sa biologie ni de ses possibility culturales. 

Oleagineux ' . ?- - 

Babassu ( Orbignya speciosa)^-Ce palmier croft a profusion dans le bassin de 
l’Amazone et dans certaines regions ded’Amerique Centrale. Bien que ses 
graines soient extremement riches en huile proche de celle du coco tier, le 
palmier babassu n’a jamais ete cultive. La main-d’oeuvre requise pour le 
ramassage-,des graines et la durete de celles-ci, les rendant particulierement 
difficiles a ouvrir, sont deux des obstacles a son exploitation. 

J! Courge calebasse (Cucurbita foetidissima)— Elle pousse a l’etat naturel dans 
les regions desertiques de l’Amerique du Nord et a depuis toujours foumi aux 
Indiens des grains comestibles. Ses merited devraient etre plus largement - 
reconnus. Elle pourrait re presenter, en effet, une source profitable d’huile 
alimentaire. et des proteines Hans les parties tres arides du globe ou il 
conviendrait d’etablir des cultures d’essai. 

Espece Caryocar- Bien que le promoteur de l’jndustrie du caoutchouc, Sir 
Henry Wickham, ait encourage cette source d’huile avec autant d’enthou- 
^jg| me que l’hevea, les arbres de Vespece Caryocar , qui poussent a l’etat 
^auvage en Amazonie, restent meconpus. Ils portent, en grande quantite, des 
noix oleagineuses ressemblant au£ noix du Biesil. 

Jessenia polycarpa-OrigmaiTe de TAmazonie, ce palmier porte de tres 
* importants regimes de fruits dont 1’huile est analogue en apparence, en teneur 
et en qualite.a celle de Tolive. Elle est vendue corame huile alimentaire en 
■Colombie rnais est virtuellement inconnue dans le reste du monde. 

Jojoba ( Simohdsia chinensis)-Cette plante des regions subtropicales de 
l’Amerique du Nord occupe une place unique dans le regne vegetal. En effet, 
a 1’jnverse des autres vegetaux, elle secretefune cire liquide dans ses graines, au 
lieu d’esters de glycerol. Les cires liquides sont importantes pour l’industrie. 
La, seule autre source en est le cachalof. La mise sous culture du jojoba 
pourrait.. apporter ainsi de grands avantages economiques aux regions 
tropicales et subtropicales arides. 

-v 1 ' ' . ' \ 

Cultures fourag^res 

Acacia albida—C'e st un arbre que j’on trouve dans les savanes de l’Afrique 
orientale et occidental et dont He feuillage et les fruits, caractere dnsolite, 
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apparaissent au coufs de la saison seche. Ses feuilles et ses gousses sont 
souvent le seul fourage disponible a cette epoque. Toutes les especes de betail 
en sont tres amateurs. 

Brosimum alicastrum—Originaire d’Amerique centrale, c’est un grand arbre 
resistant a la secheresse. Ses feuilles sont comestibles et ses fruits, petits, 
contiennent des graines ^amylacees. Le betail est friand de son feuillage. Peu 
connu en dehors de son aire de dispersion, il merite d’etre essaye dans les 
regions tropicales-en particular celles qui ont des saisons seches prolongees ef 
oil le fourage est indispensable. 

Casse dense (Cassia sturtii)—Ce buisson est considere sans importance dans 
son Australie natale. En Israel pirH est cultive experimentalement, il fournit 
un fourage nutritif l’annee durant. Il faudrait rechercher ses possibilites dans 
les autres regions arides des ctimats temperes et subtropicaux. 

Afroche (esp. A triple ;c)-^Piusieurs especes de ces arbustes australiens 
semblent tres prometteuses pour les regions arides. Elies produisent en 
abondance un fouryp savoureux, particuliererrient dans les sols salins. 

Tamarugo (Froso$is tamarugo)- Cette legumineuse est un arbre rustique, 
*"hatif du desert inhospitalier d’Atacama au Chili. Il pousse a travers une 
couche de sel pouvant atteindre un metre. La qualite deses gousses et de ses 
feuilles permet l’elevate' \du mouton a un rythme^ appro chant celui des 
meilleures regions fourageres du monde. j 

Divers 

Palmier butiri ( Mauritia flexuosa)— Bien qu’il soit le plus abondant du monde, 
ce palmier n’est pas exploite commercialement. Toutefois, dans son pays 
natal, le bassin de l^Amazojie'; on eh tire a petite echelle des fruits, de 
l’amidon, des fibres eL du bois/ Il recompenserait largement; le^ efforts de 
recherche et de developpement qu’on lui consacrerait. 

Candehlla (Euphorbia antisyphilitica^—ljes, feuilles de cette herbe prove- 
nant des regions desertiques du nord du Mexique sont recouvertes d’une cire 
de valeur. Elle est exploitee et expediee aux $Etats-Unis depuis plusieurs 
annees par une industrie subventionnee par Je gouvemement mexicain. La 
recherche orientee vers sa culture et son traitement pourrait en faire une 
recolte hautement profitable pour tous les sols arides des regions sub- 
tropicales. 

Cau^ssu (Calathea lutea)— Cette grande herbe pousse a l’etat sauvage dans 
les regions marecageuses du bassin de l’Amazone. Elle reussit tout aussi bien 
quand elle est cultivee en hauteur dans les zones a forte pluviosite. Ses feuilles 
sont recouvertes d’une cire dute qui fond facilement. Facile a planter et a 
recolter, le cauassu peut etre exploite, dans les regions humides, dans des 
marais ecartes qui seraient inutilisables autre'ment. 
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Guar ( Cyanopsis tetragonoloba)— Les graines, a haute teneur en proteines, 
he cette plante asiatique qui ressemble au soja, renfe^ment une gomme qui est 
de plus en phis re<fhercltee par findustrie. En raison de ses proprietes 
exceptionnelles, cette gomme a de nombreux usages qui wont de son emploi 
dans les tuyaux d’incendie, pour faire glisser l’eau plus facilement, jusqu’au 
durcissement de la creme glacee. De toutes les sources de gomme vegetale, Ie”~ 
guar est la plus prometteuse. 

Guayule (Parthenium argentatum)- Arl\uste des deserts du Me^dque, il 
contient’un latex comparable a celui de l’hevea. Ce sont les prd^lemes 
techniques rencontres dans la separation du latex des resines et des autres 
matieres vegetales qui ont empeclte son utilisation. II recele cependant de 
grandes promesses comme source de caoutchouc pon* les regions arides. 

Ramie (Boehmeria nivea )- 1 La fibre extraite de ce grand arbuste d’Ex- 
treme-Orient est resistante et pOssede, entre autres qualites remarquables, 
celles de ne pas s’allonper et d’etre irretrecissable. Son exploitation est 
restreinte en raison de la gomme qui colie avec tenacite a la fibre. Degommer 
cette derniere serait le premier probleme a resoudre pour donner a la ramie la 
place qui pourrait lui revenir dans l’agriculture tropicale. . j 

Paspaliim vagina turn-Cette herbe exttemement tolerante au sel supporte 
parfaitement les innondations d’eau safee. Elle e^t recommandee' pour 
reconstituer la vegetation des regions enVahies par le sbl. Elle est particuliere- 
ment appropriee pour fixer le sable des plages. Deja-cultivee avec succes en 
Australie, elle fournit du fourage dans les rriarais cotiers qui, par ailleurs, 
seraient improductifs. 

Spirulina {Spirulina platensis et Spirulina maxima)—des algues a haute 
teneur en proteines poussent dans les. eaux saumatres et alcalines. A finverse 
de certaines autres algues, les grand rassemblements de spirulina permettent 
de la recolter facilement avec des filets ou d’autres mo^ens aussi simple^. Elle 
est agreable au gout et^ au Tchad et au Mexique, elle fait deja partie du regime 
alimentaire. ' 
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Este es un informe sobre plantas tropicales escogidas que tienen la posibilidad 
de mejorar la calidad de vida en las zonas tropicales: En terminos generajes los 
pauses de esta zona contienen las poblaciones de mas bajos ingresos en todo el 
mundo. De ahi que este informe*se dirija" a aquellos que se preocupan por 
ayudir a los paises, en desarrollo a obtener un aprovechamiento mas eficiente 
y balariceado de sus recursos biologicos: adminustradores gubernamentales, 
personal tecnico asistente, investigadores agricotesv en nutricion y disciplinas 
afines. __ 

-Las 36 plantas que aqui se describen fueron escogidas por un -grupo de 
entre 400 personas que habian sido nombradas por expertos en plantas"de~ 
todo el mundo en respuesta a una indagacion por escrito. 

. A continuacion se da un resumen de las plantas escogidas por las grandes 
posibilidades que ofrecen„ ■ 


Gereales,y pseudocereales; .... - 

Mijo de v%$A A (Echinochloa tiirnerana). Este-pasto. silvestre de Australia, que' 
jamas se ha e&tudiado, da un grano nutritiVo con solo-regarlo profundamente 
una vez, lo cual indica el potential para aquellas tierras aridas donde llueve 
esca^amente. 

Grano amaranto (Amaranthus spp.): Las semillas de este casi totalmente 
descuidado grano contienen un nivel sumamente aS&|de proteinas y del 
aminoacido- nutritivo esencial-la licina—que por la general no**se halla con 
regularidad en las proteinas de las plantas. \ y’\ 1 

Quinua (Chenopodium quinoa). A pesar de que la semilla de esta alia 
espiga es una de las mejores fuentes de proteina en el reind vegetal, la quiniia 
no se cultiva fuera de su ambiente andino de grandes alturas. ] 

^ Zostera marina. Los estudios de exploration sobre esta planta podrau 
resultar en copiosos beneficios por cuanto es una plants parecida a la hierb . 
que crece en el agua salada y que produce grano. El uso del mar para cultiVar 
grano es un cohcepto nuevo y de mucha especulacion, pero los indios de if * 
costa > occidental de Mexico por tradition han cultivado el grano de la Zosteri 
m&una para alimento y harina. . „ ' | 
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Raises y tub&rculos* 

Arracacha (Arracacia xanthorrhiza). Es conocida como pastinaca peruana 
debido al sabor y a la textura de su rafz. Esta planta, que se asemeja al apio,* 
es descopocida fu#ra del altipland andino. En esta region con frecuencia se 
"cultiva esta raiz eii lugar de la papa. Su costo de produccion es solo fo mitad. 
La arracacha cuenta con un potential aun no explotado en las altas regiones 
tropicales del mundo. 

Yautia f Xanthosoma spp.). Estas raices altamente productivas son mas 
nutriti-vas->qbe la mandioca (cazabe) y muy faciles de cultivar. A pesar de 
encontrarse ampliamente distribuidas, no se las ha estudiado con deteni- 
miento para saber cuales sop sus posibilidades. 

Taro y Dasheens ( Colocasia esculenta). Solo p'n muy pocos pafses se/ 
cultivan en gran escala, pero el taro, que es altamente procttittivo, tiene muy 
buenas posibilidades de cqltivo en las regiones tropicales^fel mundo. Algunos 
tipos crecen en\ tierra alta, otros en suelos anegado^y cenagosos que no 
producirian otros alimentos. Dasheens son variedades^rientales que producen 
un sin numero de bulbos pequenos y simetricol de textura vigorosa y que 
pueden almacenar^e sin peligro que se danen. 

Vegetales . ■ -. » > 

"Chaya ( Cnidoscolus aconitifolius y Cnidoscolus chayamansa). Estos arbustos 
de crecimiento y proliferacion rapidos proveen un vegetal verde nutritivo y 
parecido a la espinaca. Aunque se la conoce solo en Centroamerica, merece 
que se la pruebe en otras regiones tropicales. 

Palmito ( Euterpe, Guilielma, Acrocomia, Cocos, etc.). Durante los ultimos 
diez anos la demanda de este manjar ha crecido tanto que los abastecimientos. 
actuales son inadecuados. Las palmas silvestres se qstan diezmando puesto que 
al extraerles el corazon se las mata. Se debe pronjaver el cultivo de la palma 
porque ofrece muy buenas posibilidades antes de que las silvestres sean 
destruidas. ^ ' 

Calabaza amarilla (Benincasa hispida)r Este^vegetA grande parecido al 
melon es facil de cultiyar y puede pioducir tres cosechas al ano. La 


♦Batatas {Dioscorea spp.). Aunquertas batatas son muy bien conoci’das para que se las 
incluya en este informe, estas son las mas nutritivas y populares de las cosechas de 
raices tropicales. Sin embargo, no se cultivan con tanta amplitudcomo algunas dg : sus 
competidoras porque su costo de produccion es mas alto; la inversioin en el studib”para 
reducir su costo de produccion seria de extremo valor. Asimismo es necgsar.io estudiar 
Iqs problemas de almacenamiento; alrededor del 60% de las cosechas muy a menudo se 
pierde o se pudre. 
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.-caracteristica sobresaliente esque'bi-fruta puede guardarse hasta por doce- 
. meses sin refrigeration. " 

Frijol' alado j (Psophocarpus tetra^hqlobus). Este frijol trepador, de 
importancia en el sudeste de Asia y Papua Nueva Guinea* pero desconocido 
en otras partes, posiblemente sea la contrapiartida del frijol de soya. Con 
algunos estudiosj posiblemente Uegaria a ser una de las -mejores fuentes de 
proteina util en lps trppicos. : ‘ x 


‘ Frutas 

Durian {Durio spp.). El durian comun es una fruta grande, esg^iosa y 
estimada por muchos por su sabor, pero aborrecida por otros por^Holor. El ; 
descubrimiento de una especie que no tenga ese olorofensivo podria ser mas 
aceptable y abriria un mercado mundial a ,este producto. 

Nfangostan ( Garcinia mangostana). E\ mangostan, tal vez una de las frytas 
de mejor sabor en el mundo, es muy poco conocida fuera del sudeste de Asia. 
Las investigaciones agronomicas y en la horticultura a fondo cOntribuirian a 
^extender su area de cultivo a otras regiones suinamente humedas del 
tfopico-una zona cuyo clima no se presta para el cultivo de la mayoria de las 
siembras. ” •- 

Naranjilla ( Solanum quitoense). Esta fruta usada como postre, aunque es 
de la familia del tomate pero no se parece a este, es .muy apetecida en Peru, 
Colombia, Ecuador y Guatemala y, sin embargo, es virtualmente desconocida 
en otras partes. Su jugo es delicioso y refrescante y podria ser popular en la 
zona tropical de Africa y Asia, donde la planta podra florecer con facilidad. 

Pejibaye (Gititielma gasipaes). La fruta de esta palma, parecida a la castana, 
es probablemente el alimento trOpidal nutritivo mejor balanceado. Contiene 
carbohidratos, proteina, aceite, minerales y vitaminas. Eropias del tropico 
humedo, las pajmeras, una yez establecidas,„re s quieren mu^ poco cuidado y 
dan una abundante cosecha. "vSFV 

Pomelo (CitrUs grandis). Esta fruta de tan&no granle^osiblemente de la 
familia de la torOnja, es de-gran estima en^odo efsudeste de Asia. El cultivo 
de variedades distintas ^podria ofrecer exceiente^posibilidades si ^estas 
pujlieran d^rse tn’ tierras bajas tropicales. Si bien esta se haprobado 
' ampliamente' en las regiones citricas del mundo,.la calidad de las variedades 
probadas nunca se asemeja a las mejores del sur de Tailandia. 

Guanabanav(^4nnomz muricata). Esta fruta es bien conocida en la region 
tropical de America y tiene un sabor rico y aroffi&tico que podria disfrutarse 
mas ampliamente. Tanto el jugo como la pulpa se conservan bien y su 
eportacion de, paises* tropicales; a Europa y Norteamerica podria ofrecer 
buenas-.posibilidades economicas. 

Uvilla (Pourouma cecropiaefolia). Esta fruta parecida a la uva es casi 
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desconocida fuera de su tierra natal al occidente de la cuenca del Amazonas. 
Su pulpa, que es de sabor agradable, se come cruda y tambien sirve para hacer 
vino. Esta merece que se la pruebe en otras regiones bajas montan&sas del 
tropico. No se sabe abSblutamente- nada en cuanto a sus posibilidades 
biologicas o agronomicas. 

Semillas oleaginosas 

Babassu ^Qrbignya speciosa). Esta palma crece abundantemente en la cuenca 
del Amazonas y algunos lugares de Centroamerica. Aunque las semillas son 
ricas'en aceite, muy parecido al aceite de coco, la palma babassu no ha sido 
,,.4'un cultivada^. Las barreras principalss que se interponen a su explotacion son 
el trabajo necesario para recolectar las semillas y el hecho que estas son 
extremadamente duras y no se abren con facilidad. 

Calabaza bufalo (Curcurbita - foetidissima). Esta calabaza silVestre del 
desierto norteamericano, la cual provee de semillas comestibles a lo.s indios de 
Norteamerica, es una posible fuente provechosa- de aceite comestible y 
proteTna en tierras extremadamente aridas. Merece que se la reconozca con 
mas amplitud y se la cultive en forma experimental eu todas las regiones 
aridas del mundo. " - 

Especies de Caryoear. A pesar'de que Sir Henry Wickham,, el pionero en la 
industria del caucho en Malaya, promovio esta fuente de aceite con el'mismo 
entusiasrpp con que promovio el arbol de caucho, la especie Caryocar 
continua creciendo en forma*silvestre en/ : la region del Amazonas sin que se le‘ 
preste mucha atencion.’Estos arboles producen grandes cantidades de semillas 
oleaginosas parecidas a la nuez del Brasil. 

Jessenia polycarpa. Esta palma, oriunda de la region amazonica. produce 
unos racimos extraordinariamente gtandes de una fruta que tiene un aceite 
parecido al de la aceituna en apariencia, cgnterudo y calidad. Se vende como* 
_ aceite comestible en Bogota, Colombia, pero es casi .desconocida en el resto t 
del mundo. * 

Jojoba {Simmondsia chinensis). Esta planta subtropical de Norteamerica es 
especial en el reino vegetal: segrega cera liqinda en sus semillas en vez de los 
aceites gUceridos que otras plantas segregan. Eri%r industria, lasceras liquidas 
son de importancia. Estas son dificileshe sintetizar y la unica otra fuente es el 
cachalote. El desarrollo d& la jojoba tsomo product o de cultivcr,promete 
importantes beneficios economicos a las regiones aridas tropicals y sub- 
tropicaies. 


Forrajes / * 

- 

Acacia albida. Este arbol legqminoso que crece en las sabanas del Africa 
Oriental y Occidental, es poco'comun per el hecho de producir follaje y fruto 
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durante la estagfotv seca. Sus hojas y vainas, con frecuencia, constituyen el 
un-ico forraje disponible en esa epoca y, por lo tanto,*rfruy apetecido por toda 
clase de ganado. ' . . % 

BrosimUm alicastrum. Este arbol alto y resistente a la sequia es propio de 
Centroamerica. Produce hojas nutritivas y una fruta pequena con semiilas 
feculentas-. Sus hojas son favoritas del ganadd. Poco se sabe j^cerca de 
este arbol fuera de Centroamerica y merece qt^e se lo pruebe en zonas 
-4ropjcales - especialmente en aquellas donde la -estacidn seca es prolongada- 
dond| scfn^cesita una fuente de forraje. 

Dense Cassia ( Cassia sturtii). Esta mata de pbca importancia como forraje 
en Australia, su tierra nativa, esta dando umforraje nutritivo todo el afio en 
proyectos de experimentation que se Uevan a cabo en Israel. Se determinara 
su necesidad potencial en otras regiones aridas de clima templado o 
subtropical. 

4 Matas salinas (A triplex spp.)’: Varias espfcies australianas de estos arbustos 
ofrecen grandes posibilidades para las regiones aridas. Estas producen un 
abundante forraje de buen gusto, especialmente en suelos salinos. 

Tamarugo' f Prosopis tamcaiigo). Este arbol leguminoso, duro, native del 
aborrecible Desierto de Atacama, en Cjhile, Crece a traves de una capa de sal a 
veces de un metro de espesor. La calidad de sus capsulas y hojas permite que 
se alimenten ovejas casi en la misma proporcion en que se hace en las mejores 
zonas forrajeras del mundo. 


Miseelaneas ' \ 

Palma Buriti (Mauritia flexuosa). Posiblemente esta sea la palmera mas 
abundante en todo el mundo, pero no tiene ningun uso comercial. Sin 
embargo, un buen numero de productos—almidon, fruta, fibra y madera—se 
obtienen de ella en pequena escala en la cuenca del Amazonas, su lugar 
nativo\ Esta es una fuente abundante que muy bien compensara su 
investigation y desarrollo. 

Candelilla (Euphorbia anitsyphilitica). Esta liierba de los desiertos del 
norte de Mexico tiene unas hojas cubiertas de-una cera valiosa. Una empresa 
mexicana con subsidio la ha pioducido y exportado a los Estados Unidps 
durante varios anos. El estudio, elaboration y cultivo de la candelilla putede 
convertirla en un producto altamente provechoso en las tierras aridas en toda 
la region subtropical. 

Cauassu ( Calathea lutea). Esta hierba silvestre crece alta en cienagas de laT 
cuenca del Amazonas, pero tambien crece bien en plantaciones en las laderas 
de cerros en regiones de lluvias abundantes. Sus hojas estan cubiertas de una 
cera dura y de nlta fusion*. La cauassu, que es sencilla de sembrar y cuftivar, 
puede producirse en cienagas remotas inservibles de zonas humedas. 

Guar {Cyanopsy tetragonoloba ). Las semiilas de alto contenido protmico 
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de esta planta asiatica, que se asemeja a la planta del frijol de soya, contienen 
una goma de demanda creciente en la industria. Debido a sus propiedades 
especiales, la goma tiene varios usos, desde permitir que el agua fluya con mas 
facilidad a traves de una manguera de incendio hasta endurecer helados. El 
guar es la fuente de goncia mas prometedora entre los vegetales. 

Guayule (Partheniurp argentatum ). Este es .un arbusto de los desiertos 
mexicanos que contiene buena cantidad de latex que se asemeja mucho al 
huie Hevea. Su desarrollo ha sido impedido ponproblemas tecnicos;asociados 
con la separation del latex de las resinas y otra materia vegetal. Sin embargo, 
como fuente de caucho ^en regiones aridas, el guayule ofrece grandes 
posibilidades. 

Ramio (Boehmeria nivea). La fibra de este arbusto alto y perenne 
proveniente del Asia Oriental posee cualidades superiores—fuerte y no se 
estira ni se encoge como/)tras. Sin embargo, su desarrollo es restringido porque 
posee una goma que adhiere fuertemente a la fibra. Cuando se solircione el 
problema de extraerle la goma, esto constituira el primer paso para darle al 
ramio un papel de mayor significado en la agricultura tropical' 

Hierba de aluvion (. Paspalum vaginatum). Esta hierba altamente tolerante a 
la sal ,resiste inundaciones de agua de mar y se recomienda para la production 
de nueva vegetation de regiones afectadas ppr la sal. En especial, es buena 
para dar estabilidad a las playas arenosas. Esta herba, que ya se ha cultivado 
con exito en Australia, provee forraje en cienagas costeras que de lo contrario 
no se usarian. I - 

Espirulina ( Spirujtha platensis y Spirulina maxima). Estas algas de alto 
cbntenido, proteinicuscrecen en aguas saladas y alcalinas. Contrario a otras 
algas, los grandes con)uritos de espirulina permiten su cosecha con red o 
cualquier otro metodo sencillo^. Es agradable al paladar y ya se usa para 
consumo humano en Chad y en Mexico. 

.. \ 
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the ail and cites applications of particular interest to developing countries—boat build- 
ting, cqnstructfon, food and water storage facilities, etc. ntis Accession No. PB 220-825. 


14. More Water for Arid Lands: R-ornising Technologies and Research Opportunities. 

1974. 153 pp. Outlines little-known but promisingUechnologies to supply and conserve 
water in arid areas.' ntis Accession "No. PB 239-472. (French language edition is avail¬ 
able from nos it tv or through ntis. Accession No. PB 274-612.) 

16, Underexploited Tropical Plants with ProniisingyEconomic Value. 1975. 187 pp. De¬ 
scribes 36 lit tie-known tropical plants that, with research, could become important cash 
and food crops in the 3 future. Includes cereals, rooVs and tubers, vegetables, fruits, 
oilseeds, forage plants, and others, ntis Accession Nti. PB 251-656. fe- 

18. Energy for Rural-Development: Renewable Resources and Alternative Technologies 
for Developing Countries. 1976. 305 pp. Examines^ epergy technologies with^ power 
capabilities of 10-100 kW at village or rural level in. terms of-short- and intermediate- 
term availability. Identifies specific R&D efforts needed Do make intermediate-term aj^ 
•plication feasible in areas offering realistic promise-, ntisv Accession No. PB^260^606. 
(French language edition is available through ntis. Accession No. PB 286-467.)' 
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19. Methane Generation from Human, Animal and Agricultural Wastes. 1977. 131 pp. 
Discusses means by which natural process of anaerobic fermentation can be controlled 
by man for his benefit, and how the methane generated can be used as a fuel! ntis 
Accession No. PB 276-469. 

21. Making Aquatic Weeds Useful: Some Perspectives-for. Developing Countries. 1976. 

175 pp. Describes ways to exploit aquatic weeds far grazing, and by harvesting and 
proc ess ing for use as compost, animal feed, pulp, paperTand fuel. Also describes utili¬ 
zation for sewage and industrial wastewater "treatment. Examines certain plants with 
potential for aquaculture, ntis Accession No. PB 2.65-161. 

22. Guayule: An Alternative Source of Nadfcral Rubber. 1977. 80 pp. Describes a 
little-known bush that grows wild in deserts of North America and produces a rubber 
virtually identical with that from the rubber tree. Recommends funding for guayule 
development^ ntis Accession No. PB 264-170. 

23. Resource Sensing from Space: Prospects for Developing Countries. 1977. 203 pp. 

An examination- of current and prospective applications of interest to developing coun¬ 
tries, certain implications for long-term governance of a remote sensing system, and 
desirable .technical cooperation initiatives to diffuse user capabilities, ntis Accession 
No. PB 264-171. (French language edition available from bostid or through ntis. Ac¬ 
cession No. PB 80-168-693.) ^ 9 

25. T^^cal Legumes: Resources for the Future. 1979. 33! pp. Describes plants of the 
family L^uminesae, including root crops, pulses, fruits, forages, timber and woqjk.^ 
products, ornamentals, and others, ntis Accession No. PB 298-423. 

26. Leucaena: Promising Forage and Tree Crop for the Tropics. 1977. 118 pp. De¬ 

scribes Leucaetia leucocephata, a .little-known Mexican plant with vigorously growing, 
bushy types that produce nutritious forage and organic fertilizer as well as tree types 
that produce timber, firewood, ancf. pulp and paper. The plant is also useful far re¬ 
vegetating hillslopes and providing firebreaks, shade, and city beautification, ntis Ac¬ 
cession No. PB 268-124. . 

27. Firewood Crops: Shrub and Tree Species for Energy Production. 1980. 237 pp. 
Examines the selection of species suitable for deliberate cultivation as firewood crops 
in developing countries. 

28. Microbial Processes: Promising Technologies for Developing Countries. 1979. 198 
pip. Discusses the potential importance, of microbiology in developingSfcountries in food 
and feed, plant nutrition, pest control, fuel and energy, waste treatment and utilization, 
and health, ntis Accession No. 80-144-686. 

. i . 

2 9L P ostharvest Food Losses in Develbping Countries. 1978. 202 pp. Assesses potential 
and limitations of food loss reduction efforts; summarizes existing work and informa¬ 
tion about losses of major; food crops and fish; discusses economic and social factors 
involved; identifies major areas of need.; and suggests policy and program options far 
developing eddntries and technical assistance agencies, ntis Accession No. PB 290-421. 

30. U.S. Science and Technology for Development: Contributions ‘fa the UN Confer¬ 

ence. 1978.,226 pp.' Serves the U.S. Department of State as a major background docu¬ 
ment for the U.S. national paper, 1979 United Nations'Conference on Science and 
Technology for Development. . r * , , 

31. Proceedings, International Workshop on Energy Survey Methodologies for Devel¬ 
oping Countries. 1980. 220 pp. Report of a 1980 workshop organized to examine past 
and ongoing energy survey efforts in developing countries. Includes reports from rural, 
urban, industry, and transportation working groups, excerpts from 12 background pa-. 
p t ers,?and a directory of energy surveys for developing countries, ntis Accession No. 
PB 81-122-830. 
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Reports in Preparation (Working Titles) 

bostid will fill requests for single copies of reports in preparation upon publication, as 
outlined at the beginning of this section. 

. > 

Food; Fuel, and Fertilizer from Organic Wastes 

The Water Buffalo^! ts-Potent ial fm -Development ?. 

t 1 , 

, it ... 

The Potential for Alcohol Fuels in Developing Countries 

Revegetating the Range: Selected Research and Development Opportunities 

Sowing Forests from the Air * 

Producer Gas: A Little-Known Fuel for Motor Transport 

The Winged Bean: A High Protein Crop for the Tropics'(Second Edition) 

Supplement, Energy for Rural Development: Renewable Resources aad Alternative 

Technologies for Developing Countries 

■ 







. | While the limited supply lasts, a free copy of Underexploited Tropical Plants 

j with Promising Economic Value will be sent to institutionally affiliated recipi- 

[ ' ents (in government; education or research) upon written request on your 
jj organization’s letterhead or by submission of the form below. Please indicate 
j on the labels the names, titles and addresses of qualified recipients and their 
.j institutions who would be interested to have this report . 

! Please return this form to 

| \ ’ Commission on International Relations .(JH 215) 

J National Academy of Sciences—National'Research Council 

y®. [ 2101 Constitution Avenue 

\ j ‘ Washington, D.C. 20418, USA ■ V 


l 








